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EXECUTIVE SUMMARY 

E.1 INTRODUCTION 

A Baseline Ecological Risk Assessment (BERA) was performed on the aquatic habitats 
potentially affected by the Ely Copper Mine Superfund Site, located in Vershire, VT.  The Site was used in 
the 19th and early 20th century for ore mining, ore “roasting”, copper smelting, and disposal of waste rock 
and tailings.  Past site investigations showed severe impacts associated with Acid Mine Drainage (AMD) 
to terrestrial habitats at the Site and to aquatic habitats on and off the Site.  

The major aquatic habitats at the Site consisted of several small ponds (ponds 2 to 5) located on 
the east branch of Ely Brook (note: pond 1, the furthest upstream - and largest - of the five ponds, was 
used as a reference location), and the main stem of Ely Brook itself. Several other Ely Brook tributaries 
had surface water high in acidity and metals but were too small and/or ephemeral to be considered viable 
aquatic habitats.  The major off-Site aquatic habitats consisted of Schoolhouse Brook downstream of the 
confluence with the main stem of Ely Brook, and the east branch of the Ompompanoosuc River (EBOR) 
downstream of the confluence with Schoolhouse Brook.  

E.2 RISK ANALYSIS 

A Screening-Level Ecological Risk Assessment (SLERA) was performed in 2007 using available 
surface water and sediment analytical data.  It identified many inorganic Contaminants of Potential 
Ecological Concern (COPECs) in all of the aquatic habitats at and downgradient of the Site.  This finding 
prompted the Environmental Protection Agency (EPA ) to proceed with a BERA to further determine the 
degree and extend of ecological risk in these habitats.  

The Conceptual Site Model (CSM) developed for the SLERA was expanded to identify the likely 
exposure pathways and receptors in the aquatic habitats on- and off-Site.  The receptor groups of 
concern were benthic invertebrates, water column invertebrates, fish, amphibians, insectivorous birds and 
mammals, and piscivorous birds and mammals.  

Not all receptor groups were assessed for ecological risk in all habitats.  For example, fish were 
absent from the ponds.  The ponds and the main stem of Ely Brook were also considered to provide too 
small a habitat for insectivorous birds and mammals.  Exposure routes included direct exposures to 
COPECs in bulk sediment, pore water, and/or surface water by aquatic receptors (invertebrates, fish, and 
amphibians), and ingestion of contaminated surface water and winged aquatic insects and fish by 
insectivorous and piscivorous wildlife receptors.  

The CSM formed a basis to select assessment endpoints and measurement endpoints.  The 
assessment endpoints were explicit expressions of key ecological resources to be protected from harm 
associated with releases of AMD to the ponds and the on- and off-Site waterways.  The assessment 
endpoints used in the BERA were as follows: 

•	 A stable and healthy benthic invertebrate community: Are the COPEC levels in sediment 
sufficiently high to cause biologically-significant changes or impair the function of the benthic 
invertebrate community in the four ponds and the three streams at and down-gradient from the 
Site? 

•	 A stable and healthy water column invertebrate community: Are the dissolved COPEC levels 
in surface water sufficiently high to cause biologically-significant changes or impair the function of 
the water column invertebrate community in the four ponds at the Site? 

•	 A stable and healthy fish community: Are the dissolved COPEC levels in surface water 
sufficiently high to cause biologically-significant changes or impair the function of the fish 
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community in the three streams at and down-gradient from the Site? 

•	 Stable and healthy amphibian populations: Are the dissolved COPEC levels in surface water 
sufficiently high to cause biologically-significant changes or impair the function of the amphibian 
populations in the four ponds at the Site? 

•	 Stable and healthy insectivorous bird populations: Are the COPEC levels in surface water 
and biota sufficiently high to cause biologically-significant changes or impair the function of 
insectivorous bird populations foraging in the vicinity of Schoolhouse Brook and the EBOR? 

•	 Stable and healthy insectivorous mammal populations: Are the COPEC levels in surface 
water and biota sufficiently high to cause biologically-significant changes or impair the function of 
insectivorous mammal populations foraging in the vicinity of Schoolhouse Brook and the EBOR? 

•	 Stable and healthy piscivorous bird populations: Are the COPEC levels in surface water and 
biota sufficiently high to impair piscivorous bird populations foraging in Schoolhouse Brook and 
the EBOR? 

•	 Stable and healthy piscivorous mammal populations: Are the COPEC levels in surface water, 
sediment, and biota sufficiently high to impair piscivorous mammal populations foraging in 
Schoolhouse Brook and the EBOR? 

It was not possible to directly quantify the risk to these assessment endpoints.  Instead, several 
measurement endpoints were selected for this purpose.  These endpoints were measurable ecological 
characteristics, quantified through laboratory or field experimentation, which could be related back to the 
valued ecological resources chosen as the assessment endpoints.  The measurement endpoints 
represented the same exposure pathways and mechanisms of toxicity as the assessment endpoints to 
which they were related. 

The following seven types of measurement endpoints were used in the BERA: 

•	 Compare COPEC levels in sediment, pore water, and surface water samples to published 
sediment or surface water benchmarks. 

•	 Assess the bioavailability of divalent metals in sediment samples by measuring the Acid Volatile 
Sulfides (AVS) and Simultaneously Extracted Metals (SEM). 

•	 Perform toxicity tests in the laboratory by exposing sensitive life stages of aquatic invertebrates 
and fish to sediment, pore water, and surface water samples from the waterways. 

•	 Perform toxicity tests in the ponds by exposing wood frog eggs and tadpoles kept in floating 
cages. 

•	 Compare the COPEC levels in whole fish collected from the waterways to literature-derived 
Critical Body Residues (CBRs). 

•	 Quantify the structure and function of the benthic invertebrate community and fish community in 
the waterways. 

•	 Use food chain modeling to calculate an Estimated Daily Dose (EDD) to insectivorous and 
piscivorous wildlife receptors from exposure to surface water and aquatic biota (winged aquatic 
insects and fish); compare these EDDs to Toxicity Reference Values (TRVs) from the literature. 

The various measurement endpoints used in this BERA varied in their ability to quantify the risks 
to their related assessment endpoints.  Some of the measurement endpoints were quite generic (e.g., 
sediment or surface water benchmarks), whereas others were highly quantitative and reflected long-term, 
site-specific impacts at a higher level of ecological organization (e.g., community surveys).  To support 
risk characterization, each measurement endpoint was provided with a descriptive Weight-of-Evidence 
(WOE) score which ran from “low” to “high”.  The final risk integration step included this score to 
determine the potential for and significance of the potential for risk to the various assessment endpoints. 
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Specific Exposure Units (EUs) were defined for each assessment endpoint.  The EUs consisted 
of the ponds 2 to 5 on the east branch of Ely Mine, the main stem of Ely Brook downstream from where 
AMD reaches the brook, Schoolhouse brook from the confluence with the main stem of Ely Brook to its 
confluence with the EBOR, and the EBOR below the confluence with Schoolhouse Brook.  These EUs 
were needed to determine how to summarize the analytical data into specific data sets for use in the risk 
calculations. 

Each EU had an associated “reference” EU which was not affected by AMD but resembled the 
impacted EUs in all other respects.  For example, the reference EU for Schoolhouse Brook was a stretch 
of this brook located just upstream of where the main stem of Ely Brook enters Schoolhouse Brook.  The 
reference EUs served to quantify the risks associated with local reference levels of COPECs. 

EU-wide Central Tendency Exposures (CTEs) were calculated based on arithmetic means, and 
Reasonably Maximum Exposures (RMEs) were calculated based either on the COPEC-specific 95th 

percentile Upper Confidence Limit (UCL) or the maximum concentration.  

Where appropriate, the potential for ecological risk was determined based on Hazard Quotients 
(HQs). An HQ was calculated for each COPEC by dividing an exposure or dose by a corresponding 
toxicity value (i.e., published benchmarks, CBRs, or TRVs).  Statistics were also used to determine the 
presence of risk identified by the toxicity tests and community surveys. 

During risk characterization, all HQ-derived risks at the on- or off-Site waterways were compared 
to their corresponding risk at the reference EU by calculating an Incremental Risk (IR).  The IR was 
obtained by subtracting the reference risk from the Site risk.  The presence of risk was deemed unrelated 
to past Site activities if the reference risk exceeded the Site risk.  This approach allowed for a more 
thorough and accurate assessment of Site-related impacts by factoring in reference COPEC levels.    

E.3 GENERAL CONCLUSIONS OF THE BERA 

Attachments E.1 to E.8 provide the WOE risk integration by receptor group across the various 
aquatic habitats evaluated in the BERA.  Attachments E.9 to E.15 summarize the general conclusions 
on the ecological risk potential for each aquatic habitat.  Additional details are provided below. 

E.3.1 Benthic invertebrate community 

The potential for ecological risk to the benthic community exposed to Site-related contamination 
was assessed in all of the aquatic habitats using up to six measurement endpoints (depending on the 
target habitat), as follows: 

•	 Compare COPEC concentrations in bulk sediment samples to sediment benchmarks (the four 
ponds, main stem of Ely Brook, Schoolhouse Brook, and the EBOR) 

•	 Compare dissolved COPEC concentrations in sediment pore water samples to surface water 
benchmarks (main stem of Ely Brook, Schoolhouse Brook, and the EBOR). 

•	 Estimate the bioavailability of divalent metals in sediment based on AVS - SEM (main stem of Ely 
Brook, Schoolhouse Brook, and the EBOR). 

•	 Measure survival and growth in two benthic invertebrate species exposed for 96 hours to 
sediment pore water samples (main stem of Ely Brook, Schoolhouse Brook, and the EBOR). 

•	 Measure survival and growth in two benthic invertebrate species exposed for 10 and 28 days to 
bulk sediment samples (main stem of Ely Brook, Schoolhouse Brook, and the EBOR). 

•	 Evaluate the structure and function of the invertebrate community in the field (main stem of Ely 
Brook, Schoolhouse Brook, and the EBOR). 

xiii 
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E.3.1.1 The ponds on the east branch of Ely Brook 

Bulk sediment chemistry was the only measurement endpoint available to assess risk to these 
four aquatic habitats.  Severe ecological risk to the benthic invertebrate community was expected in pond 
5, based on high Cu concentrations. Ponds 3 and 4 could experience minor ecological risk due to small 
exceedances of Mn (pond 3) and Cu (pond 4).  No risk was expected in pond 2.  The reliability of these 
findings is low because it is based on a single, semi-qualitative LOE.  

E.3.1.2 The main stem of Ely Brook 

All six measurement endpoints indicated the potential for ecological risk to the benthic 
invertebrate community in the main stem of Ely Brook.  This conclusion was supported by the three 
“chemical” Lines of Evidence (LOEs) (i.e., comparing sediment COPEC levels to benchmarks, comparing 
pore water COPEC levels to benchmarks, and assessing sediment divalent metal bioavailability based on 
AVS – SEM) and the three “biological” LOEs (i.e., pore water toxicity testing, bulk sediment toxicity 
testing, and benthic invertebrate community surveys).  

The preponderance of the evidence indicated severe ecological impairment to the benthic 
invertebrate community in this habitat in response to AMD.  The reliability of this conclusion is high 
because it is based on multiple LOEs, including quantitative biological field data. 

E.3.1.3 Schoolhouse Brook  

Five of the six measurement endpoints indicated the potential for ecological risk to the benthic 
invertebrate community in the reach of Schoolhouse Brook below the confluence with the main stem of 
Ely Brook. The three “chemical” LOEs (i.e., comparing sediment COPEC levels to benchmarks, 
comparing pore water COPEC levels to benchmarks, and assessing sediment divalent metal 
bioavailability based on AVS – SEM) and two of the three “biological” LOEs (i.e., bulk sediment toxicity 
testing and benthic invertebrate community surveys) resulted in conclusions of risk.  The one exception 
was pore water acute toxicity testing, which did not show toxicity in the two test species after 96 hours of 
exposure. 

The preponderance of the evidence indicated severe ecological impairment to the benthic 
invertebrate community in this habitat in response to AMD.  The reliability of this conclusion is high 
because it is based on multiple LOEs, including quantitative biological field data. 

E.3.1.4 The EBOR 

Five of the six measurement endpoints showed a lack of ecological risk to the benthic 
invertebrate community in the reach of the EBOR below the confluence with Schoolhouse Brook.  Two of 
the three “chemical” LOEs (i.e., comparing sediment COPEC levels to benchmarks and comparing pore 
water COPEC levels to benchmarks) and the three “biological” LOEs (i.e., pore water toxicity testing, bulk 
sediment toxicity testing, and benthic invertebrate community surveys) showed no risk.  The one 
exception was assessing sediment AVS – SEM which indicated the potential for divalent metal 
bioavailability. 

The preponderance of the evidence indicated no significant risk to the benthic invertebrate 
community in this habitat in response to AMD.  The reliability of this conclusion is high because it is based 
on multiple LOEs, including quantitative biological field data. 

E.3.2 Water column invertebrate community 

The potential for ecological risk to the water column invertebrate community exposed to Site-
related contamination was assessed only in the four ponds on the east branch of Ely Brook because they 
represented the only lentic habitat on or off the Site. One measurement endpoint was used, namely 
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comparing dissolved COPEC concentrations in surface water samples to benchmarks.  The results of a 
second measurement endpoint based on toxicity testing of surface water using the water flea were 
invalidated because the test did not meet minimum test acceptability criteria.  

The one available LOE for this receptor group showed a low potential for ecological risk in ponds 
2 and 3 (associated with small exceedances of dissolved Mn in both cases), but a high potential for 
ecological risk in pond 5 (associated mainly with high levels of dissolved Cu).  No risk was found to water 
column invertebrates exposed to surface water in pond 4. 

The preponderance of the evidence indicated the potential for low level of ecological risk in ponds 
2 and 3, and high level of ecological risk in pond 5.  The reliability of this conclusion is low because it is 
based on a single, semi-qualitative LOE.  

E.3.3 Fish 

The potential for ecological risk to fish populations exposed to Site-related contamination was 
assessed using up to four measurement endpoints (note: the ponds on the east branch of Ely Brook were 
excluded from this evaluation because they lacked fish): 

•	 Compare dissolved COPEC concentrations in surface water samples to surface water 
benchmarks (main stem Ely brook, Schoolhouse Brook, and the EBOR). 

•	 Measure survival and growth in larval fathead minnows exposed for 10 days to surface water 
samples (main stem of Ely Brook and Schoolhouse Brook). 

•	 Compare COPEC levels measured in whole fish to CBRs (Schoolhouse Brook and the EBOR). 
•	 Evaluate the structure and function of the fish community in the field (Schoolhouse Brook and the 

EBOR). 

E.3.3.1 The main stem of Ely Brook 

A potential for severe ecological risk to fish was identified in the main stem of Ely Brook.  This 
conclusion was supported by one “chemical” LOE (i.e., comparing surface water COPEC to benchmarks) 
and one “biological” LOE (i.e., surface water toxicity testing).  A second “biological” LOE (i.e., evaluating 
the structure and function of the fish community) could not be used because fish were absent from the 
main stem of Ely Brook, even though it should be able to support fish.  This observation gave indirect 
evidence of the severe impact of AMD on this habitat.  

The preponderance of the evidence indicated severe ecological impairment to the fish community 
in the main stem of Ely Brook in response to AMD.  The reliability of this conclusion is high because it is 
based on multiple lines of evidence, including quantitative biological field data. 

E.3.3.2 Schoolhouse Brook   

All four measurement endpoints indicated the potential for ecological risk to the fish community in 
the reach of Schoolhouse Brook below the confluence with the main stem of Ely Brook.  The one 
“chemical” LOE (i.e., comparing surface water COPEC levels to benchmarks) and all three “biological” 
LOEs (i.e., surface water toxicity testing, fish tissue residue analysis, and fish community surveys) 
resulted in conclusions of risk.  Comparing the fish tissue residues to CBRs provided the weakest 
evidence in support of risk, presumably because fish with higher tissue residues levels (particularly Cu) 
died off and would not be available for sampling.  

The preponderance of the evidence indicated severe ecological impairment to the fish community 
in this habitat in response to AMD.  The reliability of this conclusion is high because it is based on multiple 
LOEs, including quantitative biological field data. 
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E.3.3.3 The EBOR 

Two of the three measurement endpoints showed a lack of ecological risk to the fish community 
in the reach of the EBOR below the confluence with Schoolhouse Brook.  The one “chemical” LOE (i.e., 
comparing surface water COPEC levels to benchmarks) showed a low potential for ecological risk 
associated with exposures to dissolved silver and zinc (but not Cu).  Both “biological” LOEs (i.e., surface 
water toxicity testing and fish community surveys) showed a lack of risk. 

However, the fish surveys provided contradictory results.  The fish sample collected from the 
EBOR just downstream of the confluence with Schoolhouse Brook and at one downgradient location 
showed a healthy community.  However, fish samples collected at two more downstream locations 
showed degraded communities.  More sampling at one of those two locations the following year showed 
a healthy community.  This evidence was interpreted to mean that this apparent impairment was not 
systemic and may have been related to an unknown sampling bias.    

The preponderance of the evidence indicated no significant risk to the fish community in this 
habitat in response to AMD.  The reliability of this conclusion is moderate-low because the “chemical” 
LOE indicated a potential for ecological risk and the fish community surveys gave contradictory results. 

E.3.4 AMPHIBIANS 

The potential for ecological risk to amphibians exposed to Site-related contamination was 
assessed only for the four ponds on the east branch of Ely Brook using up to three measurement 
endpoints (depending on the pond), as follows: 

•	 Compare dissolved COPEC concentrations in surface water samples to published surface water 
benchmarks (ponds 2 to 5). 

•	 Measure survival and growth in fathead minnow larvae (surrogates for amphibian larval stages) 
exposed for 7 days to surface water samples (ponds 4 and 5 only). 

•	 Evaluate hatching and survival of wood frog eggs and tadpoles exposed in the field (ponds 4 and 
5 only). 

Only the first measurement endpoint was assessed in all four ponds.  This single “chemical” LOE 
showed a low potential for ecological risk in ponds 2 and 3 (associated with exceedances of dissolved Mn 
in both cases), but a high potential for ecological risk in pond 5 (associated mainly with high levels of 
dissolved Cu).  No risk was found to larval amphibians exposed to surface water in pond 4.  

The two remaining measurement endpoints were evaluated only in ponds 4 and 5.  These two 
“biological” LOEs identified ecological risk.  The surface waters from these two ponds were toxic to fish 
larvae tested in the laboratory and to tadpoles (but not frog eggs) exposed in the field.  The results of the 
tadpole study were compromised due to unexpected and persistent mortality in the on- and off-Site 
reference locations.  Only the mortality data generated after the first week of tadpole exposure in the field 
were used semi-qualitatively in the evaluation.    

The preponderance of the evidence indicated the aquatic life stages of amphibians experienced 
low risk in ponds 2 and 3, but high risk in ponds 4 and 5.  The reliability of this conclusion is medium 
because it is based on multiple lines of evidence, including laboratory and field exposures.  However, the 
field exposures using tadpoles only provided partial results.   

E.3.5 INSECTIVOROUS BIRDS 

The potential for ecological risk to insectivorous birds feeding over the two off-Site waterways 
was assessed using one endpoint, as follows (note: the four ponds on the east branch of Ely Brook and 
the main stem of Ely Brook were excluded from this evaluation because they represented too small a 
feeding habitat): 

xvi 
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•	 Estimate the COPEC residues in winged aquatic insects and use food chain modeling to 
calculate daily doses to tree swallows for comparison to TRVs (Schoolhouse Brook and the 
EBOR). 

E.3.5.1 Schoolhouse Brook 

The available measurement endpoint identified the potential for ecological risk to insectivorous 
birds feeding over Schoolhouse Brook.  Cu was the main risk driver in this habitat, although the risk 
exceedances were relatively small.  The reliability of this conclusion is low because it is based on 
unmeasured insect tissue residue values which were estimated based on generic biota-to-sediment 
accumulation factors. 

E.3.5.2 The EBOR 

The available measurement endpoint identified the potential for ecological risk to insectivorous 
birds feeding over the EBOR.  Cu was the main risk driver in this habitat, although the risk exceedances 
were small and unlikely to cause severe long-term impairment to this receptor group.  The reliability of this 
conclusion is low because it is based on unmeasured insect tissue residue values which were estimated 
based on generic biota-to-sediment accumulation factors. 

E.3.6 INSECTIVOROUS MAMMALS 

The potential for ecological risk to insectivorous mammals feeding over the two off-Site 
waterways was assessed using one endpoint, as follows (note: the four ponds on the east branch of Ely 
Brook and the main stem of Ely Brook were excluded from this evaluation because they represented too 
small a feeding habitat): 

•	 Estimate the COPEC residues in winged aquatic insects and use food chain modeling to 
calculate daily doses to small-footed bats for comparison to TRVs (Schoolhouse Brook and the 
EBOR). 

E.3.6.1 Schoolhouse Brook 

The available measurement endpoint identified a strong potential for ecological risk to 
insectivorous mammals feeding over Schoolhouse Brook. Cu was the main risk driver in this habitat.  The 
reliability of this conclusion is low because it is based on unmeasured insect tissue residue values which 
were estimated based on generic biota-to-sediment accumulation factors. 

E.3.6.2 The EBOR 

The available measurement endpoint identified the potential for ecological risk to insectivorous 
mammals feeding over the EBOR.  Cu was the main risk driver in this habitat, although the risk was 
relatively small. The reliability of this conclusion is low because it is based on unmeasured insect tissue 
residue values which were estimated based on generic biota-to-sediment accumulation factors. 

E.3.7 PISCIVOROUS BIRDS AND MAMMALS 

The potential for ecological risk to piscivorous birds and mammals feeding in the two off-Site 
waterways was assessed using one endpoint, as follows (note: the four ponds on the east branch of Ely 
Brook and the main stem of Ely Brook were excluded from this evaluation because they represented too 
small a feeding habitat and lacked fish): 

xvii 
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•	 Measure the COPEC residues in fish and use food chain modeling to calculate daily doses to 
belted kingfishers and mink for comparison to avian and mammalian TRVs (Schoolhouse Brook 
and the EBOR). 

E.3.7.1 Schoolhouse Brook 

The available measurement endpoint did not identify the potential for ecological risk to 
piscivorous birds and mammals feeding over Schoolhouse Brook.  The reliability of this conclusion is 
moderate because it is based on measured fish residue values but using simplistic food chain modeling 
assumptions. 

E.3.7.2 The EBOR 

The available measurement endpoint did not identify the potential for ecological risk to 
piscivorous birds and mammals feeding over the EBOR.  The reliability of this conclusion is moderate 
because it is based on measured fish residue values but using simplistic food chain modeling 
assumptions. 

xviii 
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LIST OF ACRONYMS 

Ag Silver 
Al Aluminum 
ALU Aquatic Life Use 
AMD Acid Mine Drainage 
As Arsenic 
AUF Area Use Factor 
AVS Acid Volatile Sulfides 
Ba Barium 
BAF Bioaccumulation Factor 
BAV Bioavailability Adjustment Factor 
Be Beryllium 
BERA Baseline Ecological Risk Assessment 
BI Biotic Index 
BSAF Biota-to-Sediment Accumulation Factor 
BW Body Weight 
CBR Critical Body Residue 
Cd Cadmium 
CERC Columbia Environmental Research Center 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CN Cyanide 
Co Cobalt 
COPEC Contaminant of Potential Ecological Concern 
Cr Chromium 
CTE Central Tendency Exposure 
Cu Copper 
CWIBI Cold Water Index of Biologic Integrity 
DF Dietary Fraction  
DL Detection Limit 
DQO Data Quality Objective 
DW Dry Weight 
EBOR East Branch of the Ompompanoosuc River 
EDD Estimated Daily Dose 
EF Extrapolation Factor 
EPA Environmental Protection Agency 
EPC Exposure Point Concentration 
EPT Ephemeroptera, Plecoptera, and Tricoptera 
EPTC Ephemeroptera, Plecoptera, Tricoptera, Chironomida 
ERAGs Ecological Risk Assessment Guidelines 
ER-L Effects Range - Low 
ER-M Effects Range - Median 
Eq-P Equilibrium Partitioning 
ET Ecotox Threshold 
EU Exposure Unit 
Fe Iron 
FIR Food Ingestion Rate 
FS Feasibility Study 
HQ Hazard Quotient 
Hg Mercury 

IBI Index of Biotic Integrity 
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IR Incremental Risk 
LCV Lowest Chronic Value 
LEL Lowest Effect Level 
LMWPs Lower Mine Waste Piles 
LOAEL Lowest Observed Adverse Effect Level 
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LOE Line of Evidence 
MAC Maximum Allowable Concentrations 
MeHg Methylmercury 
mg/kg milligrams per kilogram (parts per million) 
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mg/kg BW/d milligrams per kilogram body weight per day 
mg/L milligrams per liter (parts per million) 
MHG Medium High-Gradient 
Mn Manganese 
Mo Molybdenum 
MWIBI Mixed Water Index of Biotic Integrity 
NA Not Available 
NCP National Contingency Plan 
NERL New England Regional Laboratory 
Ni Nickel 
NOAA National Oceanic and Atmospheric Administration 
NOAEL No Observed Adverse Effects Level 
NPL National Priorities List 
NRWQC National Ambient Water Quality Criteria
 ORNL Oak Ridge National Laboratory 
PE Performance Evaluation     
Pb Lead 
PEC Probable Effects Concentration 
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RME Reasonable Maximum Exposure 
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RPM Remedial Project Manager 
SAV Secondary Acute Value 
Sb Antimony 
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Se Selenium 
SEL Severe Effect Level 
SEM Simultaneously Extracted Metal 
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TDS Total Dissolved Solids 
T&E Threatened and Endangered 
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SECTION 1.0: GENERAL INTRODUCTION 

1.1 SCOPE AND OBJECTIVES 

This report presents the aquatic portion of the Baseline Ecological Risk Assessment (BERA) for 
ecological receptors potentially exposed to mine-related wastes released by the Ely Copper Mine 
Superfund Site (the Site), in Vershire, VT.  The BERA assesses the potential risk from exposure to 
contaminated surface water and sediment at the Site (i.e., the main stem of Ely Brook and Ponds 2 
through 5 located on the east branch of Ely Brook) and down-gradient from the Site (Schoolhouse Brook 
and the East Branch of the Ompompanoosuc River [EBOR]). 

The objectives of this BERA are to describe the likelihood, extent, and severity of ecological risk 
under existing conditions to aquatic receptors (e.g., invertebrates, fish, amphibians) living in the affected 
waterways, or bird and mammal wildlife receptors exposed via the food chain to mine-related 
contamination in the water ways.  A separate BERA report will address risk to terrestrial receptors. 

The BERA supports the Ely Mine Remedial Investigation/Feasibility Study (RI/FS) being 
conducted under the regulatory framework of the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), 42 U.S.C 9601, et seq., and the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP), 40 CRF Part 300. 

The Ely Mine RI report was developed concurrently and provided much of the Site information 
included in this report.    

1.2 REGULATORY FRAMEWORK 

The following guidance and reference documents were used to prepare the aquatic portion of the 
BERA for the Site: 

•	 USEPA. 1997. Ecological Risk Assessment for Superfund: Process for Designing and Conducting 
Ecological Risk Assessments, Interim Final. Environmental Response Team, Edison, NJ. 

•	 USEPA. 1998. Guidelines for Ecological Risk Assessment. EPA/630/R-95/002F. 

•	 USEPA. 2000. Guidance for the Data Quality Objective Process. EPA/600/R-96/055. 

•	 USEPA. 2001. Planning for Ecological Risk Assessment: Developing Management Objectives. 
EPA/630/R-01/001A. 

•	 USEPA. 2002. Principles for Managing Contaminated Sediment Risks at Hazardous waste Sites. 
OSWER Directive 9285.6-08. 

•	 USEPA. 2005a Contaminated Sediment Remediation Guidance for Hazardous Waste Sites. 
EPA/540/R-05/012. 

1.3 REPORT ORGANIZATION 

The major sections of the aquatic BERA report are organized as follows: 
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Section 2.0 Site History and Description 

This section describes the historical activities at the Site and the physical and ecological setting.  

Section 3.0 Database development and data processing   

This section describes: (a) the analytical chemistry data sets collected at the Site, (b) issues with 
analytical data quality; (c) the data sets used in the BERA, and (d) the data summary methods. 

Section 4.0 Baseline Problem Formulation 

This section: (a) selects the final Contaminants of Potential Ecological Concern (COPECs) at the 
ponds and the three streams at and downstream from the Site, (b) describes the Site Conceptual Model 
(SCM), (c) identifies the Exposure Units (EUs) used in the BERA, (d) identifies the Receptors of Concern 
(ROCs) for the different trophic levels, (e) selects the assessment endpoints and measures of effect, and 
(f) outlines the Weight of Evidence (WOE) approach.   

Section 5.0 Characterization of Exposure 

This section describes: (a) surface water, pore water, and sediment sampling results used to 
calculate central tendency and reasonable maximum Exposure Point Concentrations (EPCs); (b) the 
sampling effort to obtain fish for tissue residue analysis; and (c) the dietary exposure models specific to 
the target wildlife receptors.       

Section 6.0 Characterization of Effects 

This section summarizes: (a) the surface water and sediment benchmarks; (b) the results of field 
and laboratory toxicity tests using water column invertebrates, benthic invertebrates, wood frog eggs and 
tadpoles, and larval fish; (c) the field studies to assess the health of the benthic invertebrate and fish 
communities; (d) the fish Critical Body Residues (CBRs) to compare against tissue COPECs measured in 
field-collected fish; and (e) the bird and mammal Toxicity Reference Values (TRVs) to quantify risk from 
the dietary exposures calculated using the food chain models. 

Section 7.0 Risk Characterization  

This section combines the measures of exposure and toxicity to determine the likelihood of 
adverse effects to the target receptor groups.  The Hazard Quotient (HQ) is used to identify the COPECs 
most responsible for risk.  Residual risk, if appropriate, is also calculated by comparing site risk against 
the risk at local reference areas.  The significance of the toxicity test responses are evaluated using 
statistical analysis.  The results from the benthic invertebrate and fish community studies are compared to 
Site reference data and published indices. The WOE for each measurement endpoint is included in the 
evaluation to weigh the various lines of evidence.  The section concludes with an uncertainty analysis. 

Section 8.0 Summary and Conclusions 

This section provides a summary and conclusion regarding the presence and extent of ecological 
risk at the various aquatic habitats potentially affected by acid mine drainage.. 

Section 9.0 References 

This section provides all of the references used in the BERA report.  
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SECTION 2.0:  SITE HISTORY AND DESCRIPTION 

2.1 SITE DEFINITION 

The Site is an abandoned Copper (Cu) mine located on Beanville Road in the Village of Vershire, 
Orange County, Vermont (Figure 2.1).  The property covers about 1,800 acres, 275-350 acres of which 
were used for Cu mining activities from 1821 to 1920, with peak production in the 1870s and 1880s.  
Mining operations stopped in 1905, but resumed during World War I when a flotation mill was constructed 
onsite to process material from ore dumps.  Additional activity consisted of removing "dump-ore" from the 
property between 1949 and 1950.  The Site is currently owned by Ely Mine Forest Inc. and Green Crow 
Corporation.  Portions of it are managed for commercial timberland. 

2.2 SITE HISTORY 

The Site extends up the Ely Brook watershed to the crest of a ridge.  Several adits and inclined 
shafts accessed the ore body in a northeasterly direction near the top of the ridge. The topography 
consists of north-south trending hills and valleys.  Piles of waste rock, smelter waste, and tailings 
generated from mining processes are scattered on the property.  The smelter waste pile covers about 4.3 
acres. It is located along the banks of Schoolhouse Brook at the southern section of the property.  This 
pile consists of slag that exhibits a metallic luster.  The tailings pile is located in the central section of the 
property and covers about 10.8 acres.  This pile consists of a fine-grained material, reddish-brown in color 
at the surface.  Several large waste rock piles are located in the upper section of the property closest to 
the old mine shafts and adits.  All of these materials are rich in metals and sulfides.  Sulfuric acid is 
produced and metals are dissolved and mobilized as water passes over and through these piles.  This 
chemical activity results in low pH, metal-enriched Acid Mine Drainage (AMD) which enters local 
waterways. 

Remnants of stone works from past mining operations are found throughout the property, 
consisting mostly of retaining walls.  Vegetation is sparse in the vicinity of the waste rock pile, tailings pile, 
and the smelter waste pile.  Woodlands cover the rest of the property.  Downed trees and recent beaver 
dams are present in the small ponds located on the upper reach of the East Branch of Ely Brook.  The 
Site has no restrictive barriers to pedestrian access.  Local people use the property for recreation, 
including target practicing, hiking, and four-wheeling.  A gun club has permission to access the property 
for hunting. 

Past mining operations at the Site included cobbing, roasting, and smelting.  The local ore, which 
averaged 3.3% Cu, was fragmented, or cobbed, to a product containing about 7.0% Cu.  This material 
was smelted to produce a Cu matte, which consisted of a molten mixture of Cu/iron sulfide.  A flotation 
mill was built in 1918 to extract more Cu from existing waste piles on the property.  The extraction 
operation generated 19,000 tons of waste material in ten months, with a Cu level averaging 1.34%.  The 
Bureau of Mines estimated that mining and smelting generated about 100,000 tons of tailings and slag at 
the Site. 

The Site has been investigated by State and Federal agencies, and private contractors over the 
past 20 years. Numerous samples of mine tailings, slag, surface water, pore water, soil, sediment, 
ground water, and fish have been collected and analyzed for inorganics.  The results show high levels of 
metals relative to nearby reference concentrations.  The Vermont Department of Environmental 
Conservation (VT DEC) collected water samples and inventoried fish species in Schoolhouse Brook in 
1988. Only blacknose dace (Rhinichthys atralutus) were present downstream of the confluence with Ely 
Brook.  However, blacknose dace, longnose dace (R. cataractae), slimy sculpin (Cottus cognatus), brook 
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trout (Salvelinus fontinalis), and rainbow trout (Oncorhynchus mykiss) were collected from a non-impaired 
stretch of Schoolhouse Brook upstream of the confluence with Ely Brook. 

The VT DEC also concluded in 1991 that Cu affected the macroinvertebrate community of 
Schoolhouse Brook, downstream of the confluence with Ely Brook.  A second macroinvertebrate survey 
on Schoolhouse Brook was conducted by the Bureau of Mines in 1995 to determine the impact of Site 
discharge.  The study concluded that mine drainage had "slightly" impacted the water quality of 
Schoolhouse Brook as noted by physical and biological factors.  More studies in support of this Baseline 
Ecological Risk Assessment (BERA) were performed between 2003 and 2007 on Ely Brook, Schoolhouse 
Brook, and the EBOR.  These studies consisted of additional sampling (surface water, sediment, and 
pore water), habitat quality surveys, community surveys (benthic invertebrates and fish), tissue residue 
analysis (fish), and laboratory and field toxicity testing (invertebrates, fish, and amphibians).   

The Bureau of Mines built an experimental biological treatment system at the Ely Copper Mine in 
1995. A portion of Ely Brook was diverted into five 32-gallon barrels in series for treatment with manure, 
compost, wood chips, and limestone.  These materials served as a bacterial sulfate-reduction system to 
precipitate metals.  Water samples were collected monthly from the system and Ely Brook.  The treatment 
removed metals and sulfate, increased alkalinity, and decreased the acidity of the water.  However, the 
data were inconsistent due to a lack of regular monitoring and system maintenance. 

Note that the remedial investigation report prepared for the former Ely Copper Mine provides 
more details on the physical setting and the history of this Site.  
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SECTION 3.0: DATABASE DEVELOPMENT AND DATA PROCESSING 

3.1 DATA SOURCES 

 Table 3.1 summarizes the analytical data sets which were used in the aquatic portion of the 
BERA to calculate Exposure Point Concentrations (EPCs). 
 

Table 3.1: Summary of analytical chemistry data sets used in the aquatic portion of the BERA 

Sampling 
Sampling Dates Organization Major Analytes 

Sediment 

8/25/1998 USGS Metals, AVS/SEM 

7/19/2000 ADL Metals, AVS/SEM 

10/2/2000 ADL Metals, AVS/SEM 

9/5/2001 ADL Metals 

9/10/2001 ADL Metals 

11/1/2004 – 11/4/2004 URS Metals, AVS/SEM 

6/20/2006 – 6/21/2006 USGS Metals 

8/22/2006 – 8/23/2006 USGS Metals, AVS/SEM 

9/19/2006 USGS Metals 

Surface Water 

5/8/2000 ADL Metals (filtered and unfiltered) 

7/6/2000 ADL Metals (filtered and unfiltered) 

7/19/2000 ADL Metals (filtered and unfiltered) 

9/20/2000 ADL Metals (filtered and unfiltered) 

5/1/2001 – 5/3/2001 ADL Metals (filtered and unfiltered) 

9/5/2001 ADL Metals (filtered and unfiltered) 

9/10/2001 ADL Metals (filtered and unfiltered) 

4/10/2002 – 4/11/2002 CRREL Metals (filtered and unfiltered) 

5/21/2002 CRREL Metals (filtered and unfiltered) 

6/20/2002 CRREL Metals (filtered and unfiltered) 

7/24/2002 CRREL Metals (filtered and unfiltered) 

8/20/2002 CRREL Metals (filtered and unfiltered) 

9/19/2002 CRREL Metals (filtered and unfiltered) 

11/1/2004 – 11/4/2004 URS Metals (filtered and unfiltered), pH 

10/5/2005 EPA Metals (filtered and unfiltered) 

5/2/2006 – 6/23/2006 EPA Metals (filtered and unfiltered), pH 

 3-1 
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Table 3.1: Summary of analytical chemistry data sets used in the aquatic portion of the BERA 

Sampling Dates 
Sampling 

Organization Major Analytes 

6/19/2006 EPA Metals (filtered and unfiltered), pH 

8/21/2006 – 8/23/2006 USGS Metals (filtered and unfiltered), pH 

9/19/2006 USGS Metals (filtered and unfiltered), pH 

4/9/2007 EPA Metals (filtered and unfiltered) 

4/11/2007 EPA Metals (filtered and unfiltered) 

5/2/2007 – 5/3/2007 URS Metals (filtered and unfiltered), pH 

Pore Water 

8/21/2006 – 8/23/2006 USGS Metals (filtered and unfiltered) 

9/19/2006 – 9/20/2006 USGS Metals (filtered) 

Fish Tissue 

9/12/2006 - 9/13/2006 USGS Metals (whole fish) 
ADL = Arthur D Little Consultants; AVS = acid volatile sulfides; CRREL = Cold Regions Research and Engineering laboratory; EPA 
= Environmental Protection Agency; SEM = simultaneously extracted metals; URS = URS Corp.; USGS = United States Geological 
Survey. 

The analytical data were extracted from a master Access database prepared by the U.S. 
Geological Survey in 2007.  The final data sets used in the BERA are provided in Appendix 1 (sediment), 
Appendix 2 (pore water), Appendix 3 (surface water), and Appendix 4 (fish tissue). 

3.2 DATA QUALITY 

The ultimate outcome of the data evaluation and summarization process is a database of the 
highest quality.  The data sets used in this BERA were developed by compiling analytical data collected 
from the various ponds and streams at and down-gradient from the Site. 

Analytical data were compiled and sorted by environmental matrix. Bulk sediment, sediment pore 
water, and surface water from the ponds and the three streams, together with fish collected from 
Schoolhouse Brook and the EBOR, were retained as target media for evaluation in the BERA. 

This subsection summarizes the following topics: 

•	 The surface water and pore water collection methods, number of samples collected, and the 
difference between total (unfiltered) versus dissolved (filtered) metals. 

•	 The bulk sediment collection methods, number of samples collected, and Acid Volatile Sulfides 
(AVS) and Simultaneously Extracted Metals (SEM) measurements. 

•	 The fish collection methods, number of samples collected, and whole fish tissue residue 
analyses. 
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3.2.1 Evaluation of qualified and coded data 

All results assigned qualifiers indicating that the analyte was positively detected or presumptively 
present (e.g., data qualified as J or EB) were retained as detected results in the analytical database and 
used as reported.  All results assigned qualifiers indicating that the analyte was not positively detected 
(i.e., U, UJ) were retained only as non-detected results in the analytical database.  Finally, any result 
considered of inadequate quality for use in risk assessment (i.e., data qualified as R) was omitted from 
the risk calculations. 

3.3 COMPILING DATA SETS FOR USE IN THE AQUATIC PORTION OF THE BERA 

The final product of the data evaluation and summarization process is a comprehensive database 
for use in quantitative ERA.  Individual data sets were developed by compiling analytical results for each 
matrix of interest (sediment, pore water, surface water, and fish tissue), analyte group (i.e., dissolved 
metals [normalized for hardness, when applicable] and total metals) and target locations (i.e., the ponds 
on the east branch of Ely Brook, the main stem of Ely brook, Schoolhouse Brook, the EBOR, and the 
reference locations). 

Two decisions were made about including particular data in the evaluation.  The first decision 
pertained to three sampling locations (EBT2-430M, EBT2-383M, EBT-315M) which were originally 
identified in the database as “Ely Brook”.  Available maps showed that these samples were in fact 
collected at the outlets of pond 1 (EBT2-430M), pond 2 (EBT2-383M), and pond 4 (EBT-315M) located on 
the east branch of Ely Brook.  The surface water and sediment data from these locations were included in 
the ponds 1, 2, and 4 data sets. 

The second decision pertained to surface water data collected in 2002 by the CRREL ISCO 
samplers (one sampler each at Ely brook, Schoolhouse brook, and the EBOR).  These data were not 
included because they consisted of a series of samples collected over 24 hours instead of one discrete 
sample at each sampling location.  It would have required averaging the samples taken over 24 hours in 
order to develop a single value. 

3.3.1 Hardness-dependent metals 

The toxicities of cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), nickel (Ni), silver (Ag), and 
zinc (Zn) vary with surface water hardness (EPA, 2006). All else being equal, toxicity drops in hard water 
but increases in soft water at a metal-specific but non-linear rate.  Hard water has more calcium to 
compete with these metals for binding sites on gill tissue.  Calcium binding protects the tight junctions 
between gill cells, thereby avoiding loss of blood electrolytes or increased inflow of water.  Those 
junctions become less tight when they are occupied by metals, which can result in excessive electrolyte 
loss in fish, and ultimately death. 

The surface water samples used in the BERA were collected over several years between March 
and November.  Surface water hardness varies seasonally in the ponds and the three streams, with the 
lowest hardness observed during spring snowmelt and the highest hardness occurring in summer.  
Conversely, metal concentrations in surface water are highest in early spring and lowest during base flow 
in late summer.  

It would be inaccurate to calculate exposure concentrations for aquatic invertebrates, fish, and 
amphibians without accounting for the differences in surface water hardness between sampling locations 
and sampling times.  The reason is that 20 µg/L Cu at 25 mg/L hardness could be quite toxic, whereas 
the same Cu level at 175 mg/L hardness would not be toxic.  This issue is not relevant to wildlife 
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receptors that ingest water from the streams because their total uptake of metals via drinking is 
independent of hardness. 

Appendix 5 describes the approach to normalize Cd, Cr, Cu, Pb, Ni, Ag, and Zn concentrations 
to a standard hardness of 100 mg/L for quantifying exposures to aquatic receptors.  Any hardness value 
can be used for this purpose without affecting the outcome. However, 100 mg/L was used as the 
standard value because it represents the concentration selected by USEPA (2006) to calculate the 
National Recommended Water Quality Criteria (NRWQC).  

3.3.2 Data summarization method 

Each data set was summarized to provide the following descriptors: 

•	 frequency of detection (= number of detected values over the number of samples analyzed), 

•	 minimum detected value (with data qualifier),  

•	 maximum detected value (with data qualifier), and  

•	 sampling location of the maximum detected value. 

The analytical data for total metals (unfiltered and not normalized for hardness) and dissolved 
metals (filtered and normalized for hardness) was summarized separately. 

The following procedures were used to calculate the summary statistics used in the BERA: 

•	 Results assigned qualifiers indicating that an analyte was positively detected or presumptively 
present were retained for use as reported in the risk calculations. 

•	 Results assigned qualifiers indicating that an analyte was not positively detected were retained at 
one half of their Detection Limit (DL) for use in the exposure calculations.   

•	 Data qualified as rejected were not used in the risk calculations. 

•	 Data for samples collected from the same location but at different times were treated as separate 
samples. 

•	 Data from duplicate samples (i.e., samples collected at the same location and the same time) had 
not been incorporated into the database at the time of this BERA evaluation. 

•	 Pro UCL (version 4.00.02) was used to test datasets for outliers.  All potential outliers were 
included in this evaluation.   
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SECTION 4.0: BASELINE PROBLEM FORMULATION 

4.1 SCOPE OF THE BASELINE PROBLEM FORMULATION 

The baseline problem formulation establishes the goals, breadth, and focus of the BERA.  It also 
defines the assessment endpoints, or specific ecological values to be protected (EPA, 1997). This 
process consists of the following activities: 

•	 Refining the list of COPECs at the Site based on the outcome of the Screening-Level Ecological 
Risk Assessment (SLERA); 

•	 Characterizing the potential ecological effects of the COPECs on aquatic resources; 

•	 Reviewing and refining the information on the fate and transport of the COPECs 

•	 Developing a detailed SCM; 

•	 Developing management goals and objectives to provide an explicit statement of the desired 
condition of the valued ecosystem being protected; 

•	 Identifying assessment endpoints with their associated risk questions; and 

•	 Identifying measurement endpoints to help quantify the potential for ecological risk to the 

assessment endpoints. 


4.2 RESULTS OF THE SLERA 

A simplified SLERA was completed in 2007 as Steps 1 and 2 in the Ecological Risk Assessment 
Guidance (ERAG) process (see Appendix 6). This SLERA used all available surface water and 
sediment analytical data collected from various waterways affected by the Site to identify potential aquatic 
COPECs. The simplified SLERA divided the analytical data into four EUs, as follows: 

•	 Ponds 2 to 5 combined (excluding pond 1, the upstream reference location) in the upper reaches of 
the East Branch of Ely Brook; 

•	 The main stem of Ely Brook (about 0.6 miles long), between where the AMD-impacted small 
tributaries enter Ely Brook and the confluence with Schoolhouse Brook; 

•	 Schoolhouse Brook (about 2.2 miles long), between where the main stem of Ely Brook enters 
Schoolhouse brook and the confluence with the EBOR; and 

•	 The EBOR (around 8 to 10 miles long), downstream of the confluence with Schoolhouse Brook. 

The maximum measured concentrations of metals in each EU were used as the conservative 
exposure concentrations, whereas screening-level surface water and sediment benchmarks were used as 
a measure of toxicity. The maximum concentrations of the six hardness-dependent metals (i.e., Cd, Cu, 
Pb, Ni, Ag, and Zn) were first normalized to 100 mg/L hardness (see Appendix 5 for details on the 
procedure) before they were compared to the EPA’s standard NRWQCs, which apply to surface water 
containing 100 mg/L hardness. 
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HQs were calculated by dividing the maximum metal concentrations from each EU into their 
respective screening benchmarks.  A metal was retained as a COPEC if the HQ exceeded 1.0., no 
screening benchmark was available, or the maximum detection limit of a non-detected analyte exceeded 
its benchmark. 

The SLERA showed that many metals in surface water and sediment exceeded their 
conservative screening benchmarks in the four aquatic EUs.  These exceedances present a potential for 
adverse effects to aquatic receptors residing in those aquatic habitats or use them for reproduction.  It 
was recommended that the ERA should continue to a BERA to better quantify this potential for ecological 
risk. 

4.3 NATURE AND EXTENT OF CONTAMINATION IN AQUATIC HABITATS 

The SLERA identified many mining-related metals in surface water and sediment which exceeded 
conservative benchmarks.  The metals with the highest screening-level HQs are summarized in Exhibit 
4.1 for each EU and matrix (see Appendix 5 for additional details). 

Exhibit 4.1: Major COPECs identified by the SLERA 
Exposure Area Surface water Sediment 

The ponds Cu (HQ = 74),  Cd (HQ = 7.3), 
and Zn (HQ = 3.1); and  

Ba (HQ = 539), Cu (HQ = 112), and Zn 
(HQ = 4.2) 

Main stem Ely Brook Cu (HQ = 736), Al (HQ = 391), 
and Cd (HQ = 34.9)  

Ba (HQ = 337), Cu (HQ = 209), and Se 
(HQ = 152) 

Schoolhouse Brook Cu (HQ = 22.5); Cd (HQ = 3.3), 
and Al (HQ = 2.1) 

Ba (HQ = 284), Cu (HQ = 44), and Se (HQ 
= 33.8)  

East branch of the 
Ompompanoosuc River 

Zn (HQ = 75.8), Cu (HQ = 8.5), 
and Ba (HQ = 1.7)  

Ba (HQ = 279), Cu (HQ = 8.2), and Se 
(HQ = 2.8)  

Figure 4.1 shows the major tributaries of Ely Brook and the major mining-related features 
described in this subsection.  Figure 4.2 highlights the five ponds located in the upper reach of the east 
branch of Ely Brook.  Figure 4.3 shows the relationship between Ely Brook and the two down-gradient 
waterways (i.e., Schoolhouse Brook and the EBOR).    

• Ely Brook 

Ely Brook is a small high-gradient cold-water stream (maximum width between five and seven ft).  
The brook, which represents the major drainage feature at the Site, flows in a general north to south 
direction between its source located in the hills west of the Site to its confluence with Schoolhouse Brook.  
Ely Brook has a total drainage area of 0.43 mi2, a length of about 0.9 mile, and a range in altitude from 
about 977 ft to 1264 ft. The surficial geology of the basin is predominantly till.  A qualitative geomorphic 
characterization of the brook found about 45% riffles, 42% runs, and 13% pools.  Several tributaries flow 
into Ely Brook from the east (the “Site” side), as follows. 

The west branch represents the upper half of Ely Brook.  Only the upper reach of the west branch 
has not been affected by AMD.  Its substrate consists of pebbles and boulders.  An intermittent tributary 
which originates at a small mine waste pile by Shaft No. 4, located 200 ft west of the Upper Mine Waste 
Piles (UMWPs) provides mine-derived contamination (see Figure 4.1). This intermittent tributary enters 
the west branch about 500 ft upstream from its confluence with the east branch (see below).     

The east branch of Ely Brook originates in a poorly-drained, swampy valley on the eastern side of 
the Site (see Figures 4.1 and 4.2). This valley supports five small ponds, some of which are maintained 
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by beavers. Pond 1, the most upstream of the ponds, is by far the largest body of water (about 0.94 
acres) and forms the source for the east branch.  The four remaining ponds are located downstream of 
each other and are all hydraulically connected.  

Pond 1 originates behind an earth and rubble dam constructed in the late 19th century. It served 
as a water-supply reservoir to provide a continuous source of water to the nearby mining facilities.  
Historical information suggests that Pond 1 is spring-fed.  A small seep of AMD enters Pond 4.  A waste 
rock pile is located adjacent to Pond 5 (see Figure 4.2). 

The east branch exits Pond 5 and flows due south, parallel to the Site access road, for about 400 
ft before making a sharp turn to the west.  It then cuts through the Lower Mine Waste Piles (LMWPs) 
before merging with the west branch of Ely Brook.  The east branch varies in maximum width between 
one and four ft, depending on location, flow, and season.  The substrate in this tributary after it leaves the 
swampy valley consists almost entirely of mine-derived waste.  The surface water of this tributary upon 
exiting Pond 5 is acidified and enriched with metals.  

The north branch of Ely Brook starts as a network of small drainage channels which have their 
source at the UMWPs (see Figure 4.1). The water in this branch originates from several permanent 
seeps at the base of the UMWPs.  The volume of water flowing through the north branch fluctuates, but 
surges during spring snowmelt or periods of high rainfall as a result of increased surface run-off. The 
maximum width varies between less than one ft and three ft, depending on location, flow, and season.  
The north branch flows along the western edge of the LMWPs before merging with the east branch.  The 
substrate in this tributary consists entirely of mine-derived waste.  The surface water in the north branch is 
acidified and enriched with metals.   

The main stem represents the lower half of Ely Brook. A small, intermittent tributary flows 
between the former ore roast beds and this section of Ely Brook.  The main stem flows between where 
the west and east branches converge and the confluence with Schoolhouse Brook (see Figure 4.1). The 
surface water of the main stem is highly acidic (pH < 4.0) due to AMD input from the east, west, and north 
branches, plus the former roast bed tributary.  It also contains dissolved Cu levels between two to three 
orders of magnitude above EPA’s acute and chronic surface water guidelines for the protection of aquatic 
life. The main stem shows all of the signs of an AMD-impacted stream: it is biologically devoid, the 
substrate consists entirely of mine-derived waste and has a pronounced orange-red color due to 
excessive metal precipitation. 

More details on the physical setting of Ely Brook are available from Seal et al. (2010). 

• Schoolhouse Brook 

Schoolhouse Brook is a small, high-gradient stream with a total drainage area of 9.7 mi2, a length 
of about 4.5 miles, and a range in altitude from about 693 ft to 1584 ft.  This brook flows in a general west 
to east direction along the southern border of the Site (see Figure 4.1). Two tributaries flow into 
Schoolhouse Brook below the confluence with Ely Brook.  The contributing drainage area for these 
tributaries is 2.7 mi2. 

The surficial geology of the basin is predominantly till.  A qualitative geomorphic characterization 
of the stream segment between Ely Brook and the EBOR found about 95% riffles, 3% runs, and 2% 
pools.  The substrate consists mostly of coarse sand, gravel, cobbles, and boulders.  The average slope 
for this stream segment is 2.6 percent.  However, a few short sections of Schoolhouse Brook flatten out, 
slow down, and become more depositional near the confluence with the EBOR. 
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The main stem of Ely Brook joins Schoolhouse Brook about 100 ft upstream from the smelter slag 
piles. Schoolhouse Brook then flows next to the slag piles, which likely represent an independent source 
of COPECs, for about 300 ft.  It joins the EBOR about two miles downstream from the Site.  More details 
on the physical setting of Schoolhouse Brook are available from Seal et al. (2010).    

Past investigations indicated that high AMD has affected the benthic invertebrate and fish 
communities in Schoolhouse Brook downstream from the confluence with Ely Brook.  Surface water 
analyses showed that Cu exceeded its chronic surface water benchmark further downstream.  

• East Branch of the Ompompanoosuc River 

The EBOR joins the west branch of the Ompompanoosuc River (WBOR) at Union Village to form 
the Ompompanoosuc River, which flows into the Connecticut River.  The EBOR above the confluence 
with the WBOR has a total drainage area of 64.8 mi2 and is characterized as a medium high-gradient 
stream.  The surficial geology of the EBOR basin is predominantly till.  However, the surficial geology 
underlying the stream channel in the study area is characterized as delta gravel, lake sand, and pebbly 
sand.   

A qualitative geomorphic characterization of a stream segment of the EBOR below the 
confluence with Schoolhouse Brook found about 39% riffles, 51% runs, and 10% pools.  The average 
slope for this stream segment is 0.5 percent.  The substrate consists mostly of sand, gravel, cobbles, and 
boulders.  More details on the physical setting of Schoolhouse Brook are available from Seal et al. (2010). 

Even though the EBOR flows well downstream from the site (see Figure 4.3), it may still 
experience minor impacts from past or current releases of AMD via Ely Brook and Schoolhouse Brook, 
particularly during the snowmelt in early spring. 

4.4 REFINEMENT AND SELECTION OF THE FINAL COPECS 

4.4.1 Introduction 

The COPECs identified in the SLERA were re-evaluated and then refined as the first task in the 
Baseline Problem Formulation.  No additional data were collected and no changes were made to the 
screening benchmarks since the submission of the SLERA.  Hence, the re-evaluation did not proceed on 
those bases. Instead, the COPECs were refined using EPA guidance (USEPA, 2001a), which states that 
one objective of the Baseline Problem Formulation is to refine the COPECs to better focus the BERA.  
The following components were considered in the refinement process: 

1) 	 Supplemental Component 1: Reference levels. USEPA guidance cautions that comparison to 
local reference levels generally cannot be used at this stage to eliminate COPECs owing to the 
need to fully assess site risks (EPA, 1997).  The accepted approach in EPA Region 1 is to 
consider reference concentrations only in the risk characterization part of the BERA by calculating 
incremental risk, if necessary.  A comparison to reference levels was not conducted at the 
COPEC refinement stage based on this requirement and on discussions with the Remedial 
Project Manager (RPM). 

2) 	 Supplemental Component 2: Frequency and Magnitude of Detection.  ERA guidance allows 
COPECs to be eliminated based on frequency of detection, given adequate data and after 
consultation with the RPM.  The databases used in the SLERA were extensive and represented 
sampling performed in the spring, summer, and fall over several years at various locations within 
each EU. Based on the prevailing approach in EPA Region 1, and after consultation with the 
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RPM, it was decided that a COPEC would be eliminated at this stage if it was detected in less 
than 5% of the samples collected from an EU, assuming that at least 20 samples were available 
from that EU. 

3) 	 Supplemental Component 3: Dietary Considerations.  The USEPA considers calcium, iron, 
magnesium, sodium, and potassium as essential physiological electrolytes (USEPA, 2001).  
These compounds are not believed to pose ecological risk when present at concentrations that 
allow them to function as nutrients.  Alternatively, the USEPA also states that other inorganics 
such as selenium, copper, molybdenum, and boron can quickly transition from essential nutrients 
to toxicants at only slightly higher concentrations and can therefore not be eliminated.  The 
essential physiological electrolytes, except for iron, were removed for this screening, because 
they were considered to be at concentrations that posed no potential for ecological risk.  Iron was 
retained as a COPEC because of its high levels at some locations in the waterways affected by 
the Site. 

The final sediment, pore water, and surface water COPEC were selected by EU as follows: 

•	 A chemical was retained as COPEC if: (1) its maximum detected concentration exceeded its 
screening benchmark, (2) a screening benchmark was not available, or (3) the maximum 
detection limit of a non-detected analyte exceeded its benchmark when less than 20 samples 
were collected for analysis.  

•	 A chemical was removed as a COPEC if: (1) its maximum detected concentration fell below its 
screening benchmark, (2) it was detected in less than 5% of the samples if at least 20 samples 
were collected for analysis, or (3) the maximum detection limit of a non-detected analyte did not 
exceed its benchmark.  

The tissue COPECs for fish sampled in Schoolhouse Brook and the EBOR were selected as 
follows: 

•	 A chemical was retained as a fish tissue COPEC if: (1) it was present above its detection limit in 
at least one fish sample, (2) it was not present above its detection limit in any fish samples, but 
the maximum detection limit exceeded the no effect fish CBR, or (3) it was not present above its 
detection limit in any fish samples, but a no effect fish CBR was not available. 

•	 A chemical was removed as a fish tissue COPEC if it was not present above its detection limit in 
all fish samples and the maximum detection limit was less than the no effect CBR.      

The surface water COPECs for use in wildlife food chain modeling (i.e., to estimate COPEC 
levels in drinking water) were selected as follows: 

•	 A chemical was retained as a surface water COPEC for food chain modeling if it was detected in 
at least one surface water sample collected from an EU. 

•	 A chemical was removed as a surface water COPEC for food chain modeling if: (1) it was not 
detected in any of the surface water samples from an EU, or (2) it was detected in less than 5% 
of the samples if at least 20 samples were collected for analysis. 

The sediment COPECs for use in wildlife food chain modeling (i.e., to estimate COPEC levels in 
aquatic insects) were selected as follows: 
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•	 A chemical was retained as a sediment COPEC for food chain modeling if it was detected in at 
least one sediment sample collected from an EU. 

•	 A chemical was removed as a sediment COPEC if: (1) it was not detected in any of the sediment 
samples from an EU, or (2) it was detected in less than 5% of the samples if at least 20 samples 
were collected for analysis. 

4.4.2 Sediment COPECs for benthic invertebrates 

The final sediment COPECs for benthic invertebrates are shown in Attachments  4.1 to 4.4 (the 
four ponds on the east branch of Ely Brook), Attachment 4.5 (main stem Ely Brook), Attachment 4.6 
(Schoolhouse Brook), and Attachment 4.7 (the EBOR).  Attachment 4.8 summarizes the final sediment 
COPECs at the EUs evaluated in this BERA. 

4.4.3 Pore water COPECs for benthic invertebrates 

The final pore water COPECs for benthic invertebrates are shown in Attachment 4.9 (main stem 
Ely Brook), Attachment 4.10 (Schoolhouse Brook), and Attachment 4.11 (the EBOR). Attachment 4.12 
summarizes the final pore water COPECs at the EUs evaluated in this BERA. 

4.4.4 Surface water COPECs for aquatic receptors 

The surface water COPECs for aquatic receptors (i.e., water column invertebrates, fish, and 
amphibian embryo-larvae) were identified using the dissolved metals data, which represent the 
bioavailable fraction responsible for toxicity (EPA, 2006).  The final surface water COPECs for aquatic 
receptors are shown in Attachments 4.13 to 4.16 (the four ponds on the east branch of Ely Brook), 
Attachment 4.17 (main stem Ely Brook), Attachment 4.18 (Schoolhouse Brook), and Attachment 4.19 
(the EBOR). Attachment 4.20 summarizes the final surface water COPECs for aquatic receptors at the 
EUs evaluated in this BERA. 

4.4.5 Fish tissue COPECs 

The fish tissue COPECs to compare against fish CBRs were identified separately for brook trout 
and blacknose dace in Schoolhouse Brook (Attachments 4.21 and 4.22) and in the EBOR (Attachment 
4.23 and 4.24). Attachment 4.25 summarizes the final fish tissue COPECs to compare against fish 
CBRs at the EUs evaluated in this BERA.  

A second set of fish tissue COPECs for use in wildlife food chain modeling was created by 
combining the brook trout and blacknose dace tissue date from Schoolhouse Brook (Attachment 4.26) 
and the EBOR (Attachment 4.27). Combining the two data sets was needed for food chain modeling 
due to the minimal number of trout samples collected from Schoolhouse Brook (n = 1) and the EBOR (n = 
2). Attachment 4.28 summarizes the final fish tissue COPECs for use on food chain modeling at the 
EUs evaluated in this BERA.    

4.4.6 Surface water COPECs for use in wildlife food chain modeling 

Wildlife receptors foraging along the waterways are exposed to total metals (with no hardness 
adjustment) when ingesting surface water.  The final surface water COPECs for wildlife receptors are 
shown in Attachment 4.29 (Schoolhouse Brook) and Attachment 4.30 (EBOR). Attachment 4.31 
summarizes the final surface water COPECs for wildlife receptors foraging at the EUs evaluated in this 
BERA (note: the ponds on the east branch of Ely Brook were not included because they were considered 
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too small to provide viable habitat for birds and mammals feeding on aquatic organisms; the main stem of 
Ely Brook was also excluded because this habitat is largely devoid of aquatic insects and fish under 
current conditions). 

4.4.7 Sediment COPECs for use in wildlife food chain modeling 

Three of the four wildlife receptors evaluated in this BERA were assumed to feed on aquatic or 
emergent insects.  However, no insects were collected for chemical analyses to generate tissue residue 
data for use in food chain modeling.  Instead, COPEC concentrations in insects were estimated using 
generic sediment-to-biota accumulation factors (see Section 5.4.3 for more details).  The COPECs used 
in those calculations were the same ones as the sediment COPECs identified in Section 4.4.1, 
specifically the sediment COPECs in Schoolhouse Brook (Attachment 4.6) and the EBOR (Attachment 
4.7) where insectivores were assumed to forage.    

4.5 AQUATIC COMMUNITIES 

4.5.1 Aquatic habitat description 

The aquatic habitats evaluated in this BERA were described in Section 3.3.  The five small ponds 
on the east branch of Ely Mine are the only lake-like habitats at the Site, even though surface water flows 
from one pond into the other.  The other affected waterways are the main stem of Ely Brook, 
Schoolhouse Brook, and the EBOR.  These streams are all flowing habitats, characterized by sand, 
gravel and boulder substrate, except for Ely Brook which has substrate dominated by mine waste (i.e., 
finer-grained tailings material).  

4.5.2 Aquatic animals 

Past field observations indicated that Ponds 1, 2, 3, and 4 on the east branch of Ely Brook are 
used extensively for spring breeding by local populations of wood frogs (Rana sylvatica), green frogs 
(Rana clamitans), and red-spotted newts (Notophthalmus viridescens). No fish were observed in any of 
these ponds during multiple visits in the spring of 2007 and 2008. 

The main stem of Ely Brook is devoid of fish due to the low pH and high metal content of its 
surface water.  Benthic invertebrates are also essentially absent from this stretch.  

Schoolhouse Brook below its confluence with Ely Brook supports degraded populations of cold-
water fish species and benthic invertebrates all the way to the EBOR.  The major fish species identified 
during past fisheries surveys in the impacted portion of this brook consisted of brook trout (Salvelinus 
fontinalis), blacknose dace (Rhinichthys atralutus), longnose dace (Rhinichthys cataractae), and slimy 
sculpin (Cattus cognatus). 

The EBOR below the confluence with Ely Brook shows a similar fish species composition, except 
that brook trout are rare but Atlantic salmon (Salmo salar) are more common.  

4.6 RISK MANAGEMENT GOALS AND OBJECTIVES 

As defined by U.S. EPA (2001b), “a risk management goal is a general statement of the desired 
condition or direction of preference for the entity to be protected.  It is often developed independently of 
the risk assessment process. […], management objectives, while similar to management goals, differ in 
that they should be specific enough to use when developing assessment endpoints and measures.” 
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The following risk management goal is proposed: 

Maintain the quality of sediment, surface water, and food sources in order to support a 
“functioning ecosystem” for aquatic and terrestrial receptors inhabiting or using the waterways at 
or downstream from the Ely Copper Mine.  

The management objectives that follow from this proposed management goal are as follows: 

•	 Restore the quality of surface water and sediment in the waterways impacted by the historical 
operations of the Ely Copper Mine to the degree and quality that they can support viable and self-
sustaining populations of benthic invertebrates, amphibians, and fish, and wildlife receptors that 
depend on them for food. 

•	 Ensure that sources of contamination originating from historical operations of the Ely Copper 
Mine are controlled so that they are prevented from re-contaminating the aquatic habitats in the 
future. 

4.7 SITE CONCEPTUAL MODEL 

4.7.1 Contaminant fate and transport 

The available information on the Site was reviewed to determine which fate and transport 
mechanisms might result in complete exposure pathways to aquatic receptors or to terrestrial receptors 
feeding on aquatic prey.  The goal was to identify the major components of a complete exposure 
pathway, which consist of the following. 

- Source of contamination, 
- Release and transport mechanisms, 
- Contact points and exposure media, 
- Routes of entry, and 
- Key receptors. 

Each component is discussed below. 

4.7.1.1 Sources of contamination 

The following mine-related features are potential sources of contamination to the aquatic 
environments at and downstream from Ely Mine.  These sources are listed from up-gradient (north) to 
down-gradient (south) (see also Figure 4.1). 

Primary sources 

(a) The Upper Mine Waste Piles (UMWPs)  

Six individual waste rock piles are located against a ridge at the upper end of the Site, closest to 
the old mine shafts and adits.  These piles, which are known collectively as the UMWPs, are essentially 
devoid of vegetation.  Waste rock and low-grade ore was deposited in piles as the ore was removed from 
the underground mine which ran along the nearby ridge line.  The materials making up the UMWPs range 
from fine-grained soil to boulder-sized waste rocks.  The USGS reported Cu concentrations ranging 
between 2,050 and 5,660 mg/kg in composited surface soil samples collected from the six waste piles at 
this location (USGS, 2004).  These piles represent a significant source of AMD.  
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(b) The artesian well  

An artesian well is located just up-gradient from the Lower Mine Waste Piles (LMWPs).  
Groundwater wells up from this location year-round.  Minerals and metals have been deposited around 
this well, creating a terrace-like appearance.  The surface of this terrace is darkly stained. 

Water from the artesian well flows into the north branch of Ely Brook.   

(c) The Lower Mine Waste Piles 

The LMWPs are located below the artesian well.  The piles are traversed by the main access 
road which runs in a south-to-north direction.  The east branch of Ely Brook transects this area from east 
to west and joins with the north branch just before its confluence with the main stem of Ely Brook.  The 
LMWPs cover about 15 acres and consist of fine, orange-reddish soil devoid of vegetation.  The piles 
have a flattened appearance and have been severely eroded by past surface runoff. The USGS reported 
Cu concentrations between 5,100 and 7,020 mg/kg in three composited surface soil samples collected 
from the LMWPs (USGS, 2004). 

(d) The slag piles 

The slag piles are located along the east bank of Schoolhouse Brook.  They are bounded to the 
north by South Vershire Road.  These piles, which cover 4.3 acres and are up to 10-12 ft thick, contain 
Cu-rich residual solid waste generated by the smelting activities that took place at the former smelter 
plant directly across South Vershire Road.  The USGS reported a Cu concentration of 6,750 mg/kg in a 
composite sample collected from the slag piles (USGS, 2004).  Leaching tests performed on these 
materials also indicated the potential for the release of Cu at concentrations two orders of magnitude 
above the EPA’s ambient water quality criterion for this metal (USGS, 2004). 

COPECs leaching out of the slag piles in response to rain or snowmelt are likely to enter 
Schoolhouse Brook, either directly as overland flow or via local groundwater recharge.   

Secondary sources 

The following mine-related features have been identified as secondary sources of contamination 
to the local aquatic environments at Ely Mine. 

(e) The former floatation mill  

The former floatation mill, built during World War 1, is located just north of the LMWPs.  It covers 
a relatively small area of about 165 ft by 500 ft. The tailings, which were dumped next to the mill, cover 
an area of about 1,000 ft2 to a depth of at least 3-4 ft. The whole area is covered by brownish-yellow soil 
and is mostly devoid of vegetation.  The USGS reported a Cu concentration of 2,400 mg/kg in a 
composited surface soil sample collected from the footprint of the former mill (USGS, 2004).  The Cu 
concentration in a composited soil sample collected from the surface of the tailings themselves equaled 
2,240 mg/kg. However, the Cu concentration in a composite sample equaled 25,600 mg/kg in the black, 
un-oxidized part of the tailings pile 2.5 ft below surface (USGS, 2004). 

The former floatation mill is located within 200 ft of both the north and east branch of Ely Brook.  It 
is possible for some of the fine-grained surface tailings at this location to reach one or both of these 
branches by overland flow during periods of heavy rainfall.   
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(f) 	 The roast bed complex 

The roast bed complex is located along the eastern side of the access road and across from the 
LMWPs.  It covers an area about 985 ft long and 200 ft wide (3.3 acres).  This feature is lined by a 
massive, 600-ft long fieldstone retaining wall which runs alongside the access road.  Historically, ore was 
“roasted” at this location to break down the ore material and drive off excess sulfur prior to smelting.  The 
area supports sparse to minimal vegetation and is covered by a fine to gravelly yellow-orange soil.  The 
USGS reported a Cu concentration of 2,040 mg/kg in a composited surface soil sample collected at this 
location (USGS, 2004). 

A small, ephemeral tributary originates at the southern end of the roast bed complex and flows 
into the main stem of Ely Brook.  It is possible for surface soil to erode from the roast beds and reach the 
unnamed tributary as overland flow during periods of heavy rainfall. 

4.7.1.2 Release and transport mechanisms 

Some of the materials present in the mine waste piles at the Site are rich in sulfide minerals (e.g., 
pyrrhotite, pyrite and chalcopyrite).  These minerals react with snowmelt or rainwater and atmospheric 
oxygen over time. The oxidation process generates sulfuric acid, which causes metals such as Cu and 
Zn to dissolve out of the mine waste.  This highly acidic and metal-rich AMD is toxic to aquatic receptors 
due to its low pH and high dissolved metal content.  

The following release and transport mechanisms may potentially affect the concentration and 
spatial distribution of COPECs in the waterways at and down-gradient from the Site. 

-	 Dissolution and leaching of COPECs from mine waste into groundwater at the Site, 
-	 Migration of dissolved COPECs in groundwater to sediment and surface water in adjacent 

surface water bodies, and its attenuation by dilution/dispersion and sorption, 
-	 Transport of COPECs adsorbed to soil particles via surface water runoff,  
-	 Transport of dissolved COPECs in surface water runoff, and 
-	 Trophic transfer of COPECs incorporated in aquatic food chains. 

The potential for COPECs to be released from mine waste and transported from the sources at 
the Site to points of contact with aquatic receptors in the local waterways depends on their chemical 
speciation, concentration, presence of nearby surface water bodies, extent and duration of precipitation 
events, and spatial distribution within the mine waste.  Surface water runoff and groundwater infiltration 
are particularly important transport mechanisms for soluble species of metals. 

4.7.1.3 Contact point and exposure media 

The on-Site ponds, main stem of Ely Brook, Schoolhouse Brook, and the EBOR represent the 
potential contact points evaluated in the BERA.  The potential exposure media are as follows: 

-	 Surface water 
-	 Pore water 
-	 Sediment 
-	 Prey items (e.g., benthic invertebrates, aquatic insects, and fish) 

4.7.1.4 Routes of entry 

The main routes of entry for aquatic receptors, and terrestrial receptors feeding on aquatic prey, 
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are as follows: 

-	 Direct contact with surface water and sediment via dermal and/or gill absorption (aquatic
 
receptors only).
 

-	 Ingestion of surface water (aquatic receptors and terrestrial receptors). 
-	 Ingestion of contaminated prey items (aquatic receptors and terrestrial receptors). 

Scientific information from the literature, as well as data from direct toxicity tests and community 
surveys, were used to assess the potential ecological risks associated with direct contact and ingestion.  
The BERA evaluates the complete exposure pathways for these two routes of entry. Exhibit 4.2 
summarizes other exposure pathways which were not evaluated in the BERA. 

Exhibit 4.2: Exposure pathways not quantitatively evaluated in the aquatic portion of the 
Ely Copper Mine BERA 

Receptors of 
Concern 

Potential Exposure 
Pathway Reason for not Evaluating Quantitatively 

Aquatic 
invertebrates and 
fish 

Exposure to COPECs 
via food chain 
transfer. 

Inadequate information for an independent 
quantitative evaluation.  However, fish tissue 
residue data integrate all exposure pathways in fish. 

Birds and 
mammals feeding 
on aquatic prey 

Exposure to COPECs 
via dermal 
absorption. 

Fur and feathers limit direct dermal uptake of 
COPECs. Preening and grooming was not 
assumed to represent a significant exposure route 
to wildlife feeding on aquatic prey in Schoolhouse 
Brook and the EBOR.   

Birds and 
mammals feeding 
on aquatic prey 

Exposure to COPECs 
via inhalation 

It is assumed that mine-derived inorganics present 
in sediment do not represent an inhalation threat to 
wildlife receptors feeding in or over the waterways.  

Birds and 
mammals feeding 
on aquatic prey 

Exposure to COPECs 
via incidental 
sediment ingestion 

It is assumed that the coarse nature of much of the 
substrate in Schoolhouse Brook and the EBOR 
eliminates the incidental ingestion of sediment by 
wildlife receptors feeding in or over the waterways.  

4.7.2 Potential receptors and ecotoxicity 

• Aquatic receptors 

Aquatic invertebrates and fish may live above, on, and/or within the substrate in the three streams 
affected by AMD runoff. In addition, early life stages of amphibians are present in the on-Site ponds on 
the east branch of Ely Brook during the spring breeding season. 

• Terrestrial wildlife receptors feeding on aquatic prey 

The following terrestrial wildlife receptors may feed on aquatic prey present in one or more of the 
affected streams: 

o	 Insectivorous birds and insectivorous mammals can feed on winged aquatic insects, such as 
adult stoneflies, mayflies, or caddis flies. 

o	 Piscivorous mammals and piscivorous birds can feed on brook trout and other cold-water fish 
that live in Schoolhouse Brook and the EBOR.  
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•	 Ecotoxicity 

Acidity and metals have been identified as the two major chemical stressors in the aquatic 
habitats potentially affected by site releases. 

Acidity/low pH 

Sulfuric acid is released when water and oxygen interact with the sulfide-rich mine waste rock.  
Low pH is toxic to most aquatic receptors.  Sensitive species of fish and aquatic invertebrates experience 
increased mortality at a pH around 6.0.  Brook trout populations disappear from streams when pH drops 
to the low 5.0’s for an extended period of time.  The embryo-larval stages of some amphibian species are 
more resistant to acidity and thrive in Sphagnum bogs at pH’s in the mid to low 4.0’s.  

Metals 

High acidity solubilizes metals present in the mine waste materials, resulting in metals-enriched 
surface water run-off.  Dissolved metals are of the highest concern because, unlike metals associated 
with the particulate fraction, they are bioavailable to exert direct toxicity to aquatic receptors, or to move 
up the aquatic food chain. 

Both acidity and dissolved metals affect osmoregulation in aquatic organisms by changing the 
integrity of the cell junctions in the gill tissues.  The cell junctions become “leaky” with increasing levels of 
H+ (protons) or metals, thereby allowing blood electrolytes to diffuse out of the gill tissue, and water to 
diffuse into the bloodstream.  Death results when blood electrolytes drop below a critical physiological 
threshold, which varies from species to species. 

4.7.3 Ecosystems potentially at risk 

The BERA focuses on aquatic habitats present at or down-gradient from the former Ely Copper 
Mine Site. The potentially impacted aquatic habitats at the Site consist of the main stem of Ely Brook, 
and the four on-site ponds on the east branch of Ely Brook.  The east branch between the ponds and its 
confluence with the north branch of Ely Brook, and the network of drainage channels that form the north 
branch, are excluded from the BERA because they do not represent long-term, viable aquatic habitats.    

The potentially impacted aquatic habitats down-gradient from the Site consist of about two miles 
of Schoolhouse Brook between Ely Brook and the EBOR, and the EBOR below its confluence with 
Schoolhouse Brook.    

4.7.4 Exposure pathways 

Routes of exposure are the means by which COPECs can be transferred from a contaminated 
medium to ecological receptors.  The principal Receptors of Concern (ROCs) and routes of exposure 
evaluated in this BERA are as follows: 

•	 Benthic invertebrates: direct contact with sediment and surface water, ingestion of sediment, and 
ingestion of biota. 

•	 Water column invertebrates: direct contact with surface water and ingestion of biota. 
•	 Fish: direct contact with sediment and surface water, ingestion of sediment and surface water, 

and ingestion of biota. 
•	 Amphibians (embryo-larval life stages only): direct contact with sediment and surface water, and 

ingestion of sediment and biota. 
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•	 Insectivorous birds and mammals: ingestion of surface water and biota (winged aquatic insects). 
•	 Piscivorous birds and mammals: ingestion of surface water and biota (benthic invertebrates and 

fish).   

The BERA assumes that sediment ingestion by wildlife receptors is negligible due to the coarse 
nature of the sediment in Ely Brook, Schoolhouse Brook, and the EBOR.  This approach was also used in 
the Elizabeth Copper Mine BERA (URS, 2006). 

4.7.5 Site Conceptual Model 

The SCM provides the foundation for performing a BERA.  The SCM is formulated based on 
knowledge of sources, contaminants, complete exposure pathways, and ROCs.  The model shows the 
movement of COPECs from the sources of contamination through the exposure media to the ROCs.  
Figure 4.4 presents a simplified SCM for the Site. 

The upper and lower mine waste piles at the Site represent the primary sources of contamination 
to the local water ways.  Sulfuric acid is released when water and oxygen interact with the sulfide-rich 
mine material.  This acid dissolves metals. Both enter Ely Brook (including several of the ponds on the 
east branch of Ely brook) as acidified and metal-enriched surface runoff, leachate, or groundwater (e.g., 
seeps).  Mine waste has also been transported and deposited into Ely Brook itself where it serves as 
substrate.  This material can serve as a secondary source contamination to the local waterways.  The 
surface water in Ely Brook carries high loads of total and dissolved metals, and elevated acidity, into 
Schoolhouse Brook.  A substantial dilution takes place as Schoolhouse Brook flows towards the EBOR.   

The biota in the affected aquatic habitats become exposed to mine-derived COPECs by direct 
contact and/or ingestion.  The COPEC concentrations are high enough to make the lower half of Ely 
Brook essentially devoid of aquatic life, and to significantly affect aquatic life in Schoolhouse Brook up to 
its confluence with the EBOR.  Wildlife receptors along these waterways also have a potential to ingest 
harmful levels of COPECs by feeding on aquatic receptors (benthic invertebrates, aquatic insects, fish) or 
by drinking contaminated surface water. 

4.8 ASSESSMENT ENDPOINTS, RISK QUESTIONS, MEASUREMENT ENDPOINTS, AND WEIGHT 
OF EVIDENCE 

4.8.1 Introduction 

Endpoints help quantify the risks to representative receptors that may be exposed to metals and 
low pH associated with the Site.   

Assessment endpoints represent explicit expressions of the key ecological resources to be 
protected from harm.  They generally reflect sensitive populations, communities, or trophic guilds.  Four 
criteria for selecting the proposed assessment endpoints needed in the Ely Copper Mine BERA are listed 
below.  The ecological resource should: 

•	 have relevance, 
•	 be susceptible to the stressors of concern, 
•	 have biological, social, and/or economic value, and  
•	 be relevant to the risk management goals for the site. 

By carefully considering these selection criteria, risks identified to one or more of the assessment 
endpoints will influence the risk management decision process at the Site. 
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Measurement endpoints represent measurable ecological characteristics, quantified through 
laboratory or field experimentation, which can be related back to the valued ecological resources chosen 
as the assessment endpoints.  Measurement endpoints are required because it is often not possible to 
directly quantify risk to an assessment endpoint.  The measurement endpoints should represent the same 
exposure pathway(s) and mechanisms of toxicity as the assessment endpoints in order to be relevant and 
useful. 

Risk questions establish a link between assessment endpoints and their predicted responses 
when exposed to COPECs.  The risk questions should provide a basis to develop the study design and 
evaluate the results of the site investigation in the analysis phase and during risk characterization 
(USEPA, 1997). 

4.8.2 Selecting representative assessment endpoint species or communities 

It is neither practical nor possible to evaluate the potential for ecological risk to all of the individual 
parts of the local aquatic ecosystem affected by Site-related chemical stressors.  Instead, key 
components are identified to select those species or groups most likely to experience exposure to the 
stressors. 

4.8.2.1 Non-wildlife receptors 

Benthic invertebrates 

Benthic invertebrates form an integral link in all aquatic ecosystems.  They play a key role in 
nutrient and energy transfers within those systems.  They also process and assimilate organic material, 
feed on other invertebrates, and are themselves consumed by fish, birds, and mammals. 

COPECs with the potential to bioaccumulate can be transferred from the sediment into the 
benthic invertebrate community and up the food chain, thereby harming higher-level receptors.  
Significant alterations in invertebrate communities could also impact the energy cycling at the base of the 
aquatic food chain.  

The substrate in the on-site ponds, main stem of Ely Brook, Schoolhouse Brook, and the EBOR 
should be able to support a diverse benthic invertebrate community.  Key invertebrates include snails, 
freshwater mussels, crayfish, and the aquatic life stages of numerous insect species (e.g., mayflies, 
stoneflies, caddisflies, dragonflies, etc.).   

Water column invertebrates 

The water column invertebrate community encompasses zooplankton (mostly crustaceans) 
commonly found in ponded water bodies.  Key species include diving beetles, copepods, and 
cladocerans.  These types of organisms play a role in energy and nutrient transfer to higher trophic levels 
and also represent a food resource for juvenile amphibians and some benthic invertebrates.  The 
presence of site-derived chemicals in the surface water of the on-site ponds could result in direct mortality 
or decreased reproduction in water column invertebrates.  

Fish 

The three streams should be able to support a healthy fish community, consisting of cold water 
stream species, such as brook trout and dace.  The aquatic environment should provide such a 
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community with a diverse food base, suitable feeding and spawning areas, refuges for juvenile fish, and 
other essential environmental services.  

The presence of metals (and high acidity) in the surface water and sediment can impair the local 
fish community in two general ways: (1) mortality of sensitive early life stages exposed to dissolved 
metals and/or low pH in the water column, or (2) high metal concentrations in aquatic biota via food chain 
uptake which could affect reproduction and the long-term survival of the exposed fish. 

Repeated visual observations have failed to show the presence of any fish in the on-site ponds. 
Fish are known to be absent from the main stem of Ely Brook, but are present throughout Schoolhouse 
Brook and the EBOR. 

Amphibians 

Amphibians are a key receptor group of concern.  Amphibian populations are generally 
considered to be in broad decline in the U.S. due to habitat loss and environmental degradation.  The 
local amphibian populations at the site extensively use the ponds on the east branch of Ely Brook for 
breeding in the spring.  The conditions in those on-site ponds should be such that amphibian eggs and 
larvae can survive and develop normally in order to maintain the local amphibian populations.  

4.8.2.2 Wildlife receptors 

Several bird and mammal species can be expected to forage in the general vicinity of the site and 
would feed on aquatic prey at Schoolhouse Brook and the EBOR.  The main stem of Ely Brook was 
considered too narrow, shallow, and/or enclosed by forest canopy to represent suitable feeding habitat for 
wildlife receptors.  It also currently does not support aquatic life.  The surface area of ponds 2 to 5 
combined was too small to provide enough habitat to support insectivores (note: pond 1 was the largest 
of the five ponds; it was unimpacted and served as an on-Site reference habitat for the ponds).  The 
following target wildlife receptors are evaluated in the BERA.  

Tree Swallow (Tacycineta bicolor) 

The tree swallow is a seasonal resident in northern New England and has been observed in the 
area around the Site.  This bird feeds predominantly on flying insects which it captures in flight over 
terrestrial, wetland, and riparian areas.  Tree swallows migrate south for the winter.   

Belted Kingfisher (Ceryle alcyon) 

The belted kingfisher is a seasonal resident in northern New England, even though it is unknown 
if it forages in the vicinity of the Site.  This piscivorous bird is typically found along the edges of rivers, 
streams, lakes and ponds.  The kingfisher requires shallow water (typically < 60 cm deep) which is free of 
vegetation and remains relatively clear in order to be able to spot its prey.  It feeds predominantly on 
small fish (< 18 cm).  These feeding habits place this receptor high in the food chain.  The belted 
kingfisher migrates south for the winter.  

Mink (Mustela vison) 

The mink is a year-round resident in northern New England, which remains active even during the 
winter months.  It is unknown if mink forage in the vicinity of the Site.  This species is associated with 
aquatic habitats of all kinds, including ponds, lakes, streams, rivers, and wetlands.  The mink is an 
opportunistic carnivore which feeds on a variety of food items, including small mammals and birds, fish, 
crustaceans, aquatic insects, and amphibians.  These feeding habits place it at the top of the food chain.   
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Eastern small-footed bat (Myotis leibii) 

The eastern small-footed bat is a year-round resident of the Site, living and possibly hibernating 
in the old mine shafts at the Site.  It feeds exclusively on flying insects and has been observed in the 
vicinity of the Site.   

4.8.3 Endpoint selection 

4.8.3.1 Aquatic assessment endpoints and risk questions 

The following assessment endpoints were used to evaluate the potential for ecological risks to the 
aquatic receptors, and wildlife receptors feeding on aquatic prey.  A risk question is appended to each 
assessment endpoint.   

It was assumed that by evaluating and protecting the assessment endpoints, all of the aquatic 
habitats, and the wildlife receptors feeding on them, would be protected as well. 

•	 A stable and healthy benthic invertebrate community: Are the COPEC levels in sediment 
sufficiently high to cause biologically-significant changes or impair the function of the benthic 
invertebrate community in the four ponds and the three streams at and down-gradient from the 
Site? 

•	 A stable and healthy water column invertebrate community: Are the dissolved COPEC levels 
in surface water sufficiently high to cause biologically-significant changes or impair the function of 
the water column invertebrate community in the four ponds at the Site? 

•	 A stable and healthy fish community: Are the dissolved COPEC levels in surface water 
sufficiently high to cause biologically-significant changes or impair the function of the fish 
community in the three streams at and down-gradient from the Site? 

•	 Stable and healthy amphibian populations: Are the dissolved COPEC levels in surface water 
sufficiently high to cause biologically-significant changes or impair the function of the amphibian 
populations in the four ponds at the Site? 

•	 Stable and healthy insectivorous bird populations: Are the COPEC levels in surface water 
and biota sufficiently high to cause biologically-significant changes or impair the function of 
insectivorous bird populations foraging in the vicinity of Schoolhouse Brook and the EBOR? 

•	 Stable and healthy insectivorous mammal populations: Are the COPEC levels in surface 
water and biota sufficiently high to cause biologically-significant changes or impair the function of 
insectivorous mammal populations foraging in the vicinity of Schoolhouse Brook and the EBOR? 

•	 Stable and healthy piscivorous bird populations: Are the COPEC levels in surface water and 
biota sufficiently high to impair piscivorous bird populations foraging in Schoolhouse Brook and 
the EBOR? 

•	 Stable and healthy piscivorous mammal populations: Are the COPEC levels in surface water, 
sediment, and biota sufficiently high to impair piscivorous mammal populations foraging in 
Schoolhouse Brook and the EBOR? 
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4.8.3.2 Aquatic measurement endpoints 

Assessment endpoint 1: 

A stable and healthy benthic invertebrate community: Are the COPEC levels in sediment sufficiently 
high to cause biologically-significant changes or impair the function of the benthic invertebrate community 
in the four ponds and the three streams at and down-gradient from the Site?  

Depending on the target habitat, the following six measurement endpoints were used to assess 
the potential impacts of COPECs to this receptor group:  

1.A 	 Compare the COPEC levels in bulk sediment samples to conservative no effect and effect 
sediment benchmarks. 

1.B 	 Compare the dissolved COPEC levels in sediment pore water samples to acute and chronic 
surface water benchmarks. 

1.C 	 Estimate the bioavailability of divalent metals in sediment by comparing AVS to SEM. 

1.D 	 Measure survival in H. azteca and C. tentans exposed for 96 hours in the laboratory to 
sediment pore water samples. 

1.E 	 Measure survival and growth in the benthic invertebrate species H. azteca and C. tentans 
exposed in the laboratory to bulk sediment samples. 

1.F 	 Evaluate the structure and function of the benthic invertebrate community. 

Assessment endpoint 2: 

A stable and healthy water column invertebrate community: Are the levels of dissolved COPECs in 
surface water sufficiently high to cause biologically-significant changes or impair the function of the water 
column invertebrate community in the four ponds at the Site? 

Two measurement endpoints were used to assess the potential impacts of COPECs to this receptor 
group:  

2.A 	 Compare the dissolved COPEC levels in surface water samples to acute and chronic surface 
water benchmarks. 

2.B 	 Measure survival and reproduction in the water flea, C. dubia, exposed for 7 days in the 
laboratory to surface water samples. 

Assessment endpoint 3: 

A stable and healthy fish community: Are the levels of dissolved COPECs in surface water sufficiently 
high to cause biologically-significant changes or impair the function of the fish community in the three 
streams at and down-gradient from the Site? 

Four measurement endpoints were used to assess the potential impacts of COPECs to this receptor 
group: 
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3.A 	 Compare the dissolved COPEC levels in surface water samples to acute and chronic surface 
water benchmarks. 

3.B 	 Measure survival and growth in juvenile fathead minnows (Pimephales promelas) exposed in 
the laboratory for seven days to surface water samples. 

3.C 	 Compare COPEC levels measured in whole fish to no effect and effect CBRs. 

3.D 	 Evaluate the structure and function of the fish community. 

Assessment endpoint 4: 

Stable and healthy amphibian populations: Are the levels of dissolved COPECs in surface water 
sufficiently high to cause biologically-significant changes or impair the function of the amphibian 
populations in the four ponds? 

Three measurement endpoints were used to assess the potential impacts of COPECs to this 
receptor group: 

4.A 	 Compare the dissolved COPEC levels in surface water samples to acute and chronic surface 
water benchmarks. 

4.B 	 Measure survival and growth in fathead minnow larvae (Pimephales promelas, used as 
surrogates for the embryo-larval life stages of amphibians) exposed in the laboratory for 
seven days to surface water samples. 

4.C 	Evaluate in-situ survival and development of wood frog eggs and tadpoles collected from an 
off-site reference locations and transferred to the on-site ponds. 

Assessment endpoint 5: 

Stable and healthy insectivorous bird populations: Are the COPEC levels in surface water and biota 
sufficiently high to cause biologically-significant changes or impair the function of insectivorous bird 
populations foraging in the vicinity of Schoolhouse Brook and the EBOR? 

One measurement endpoint was used to assess the potential impacts of COPECs ingested by 
this receptor group: 

5.A 	 Use sediment analytical data to estimate the body residues of COPECs in winged aquatic 
insects; use food chain modeling to calculate daily doses from the ingestion of surface water 
and winged aquatic insects, and compare these values to Toxicity Reference Values (TRVs). 

Assessment endpoint 6: 

Stable and healthy insectivorous mammal populations: Are the COPEC levels in surface water and 
biota sufficiently high to cause biologically-significant changes or impair the function of insectivorous 
mammal populations foraging in the vicinity of Schoolhouse Brook and the EBOR? 

One measurement endpoint was used to assess the potential impacts of COPECs ingested by 
this receptor group: 
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6.A 	 Use sediment analytical data to estimate the body residues of COPECs in winged aquatic 
insects; use food chain modeling to calculate daily doses from the ingestion of surface water 
and winged aquatic insects, and compare these values to TRVs.  

Assessment endpoint 7: 

Stable and healthy piscivorous bird populations: Are the COPEC levels in surface water and biota 
sufficiently high to impair piscivorous bird populations foraging in Schoolhouse Brook and the EBOR? 

One measurement endpoint was used to assess the potential impacts of COPECs ingested by 
this receptor group: 

7.A 	 Use food chain modeling to calculate daily doses from the ingestion of surface water, benthic 
invertebrates, and fish, and compare these values to TRVs.  

Assessment endpoint 8: 

Stable and healthy piscivorous mammal populations: Are the COPEC levels in surface water, 
sediment, and biota sufficiently high to impair piscivorous mammal populations foraging in Schoolhouse 
Brook and the EBOR? 

One measurement endpoint was used to assess the potential impacts of COPECs ingested by 
this receptor group: 

8.A 	 Use food chain modeling to calculate daily doses from the ingestion of surface water and fish, 
and compare these doses to TRVs.  

Exhibit 4.3 summarizes which assessment endpoints were evaluated at each of the four aquatic 
EUs at the Site.   

Exhibit 4.3: Summary of assessment endpoints, exposure units, and receptors of concern for the 
aquatic portion of the BERA 

Assessment Endpoint 
(viability and 

function) 
Representative 

species 

Aquatic Exposure Units 

Pondsa 
Main Stem 
Ely Brook 

Schoolhouse 
Brook EBORb 

Benthic Invertebrate 
community generic √c √ √ √ 

Water Column 
Invertebrate community generic √ NAd NA NA 

Fish populations generic NA √ √ √ 

Amphibian populations generic √ NA NA NA 

Insectivorous 
birds 

tree swallow NA NA √ √ 

Insectivorous 
mammals 

small-footed bat NA NA √ √ 
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Exhibit 4.3: Summary of assessment endpoints, exposure units, and receptors of concern for the 
aquatic portion of the BERA 

Piscivorous 
birds 

belted 
kingfisher NA NA √ √ 

Piscivorous 
mammals 

mink NA NA √ √ 
a ponds 2 to 5 on the east branch of Ely Brook were considered individual EUs for evaluation in the BERA (pond 1 was a reference
 
location)

b EBOR = east branch of the Ompompanoosuc River 

c √ = the assessment endpoint/EU combination is evaluated in this BERA 

d NA = not applicable because receptor group is missing (fish in ponds and water column invertebrates plus amphibians in streams)
 
or suitable habitat and/or food sources are unavailable (wildlife receptors at the ponds and Ely Brook)
 

4.8.4 Weight of evidence 

The risk to the target receptor groups identified above was assessed using a WOE approach 
(Menzie et al., 1996).  This method recognized that all measures of effect did not carry the same weight 
when it came to determining ecological risk.  Some measures were quite qualitative (e.g., generic surface 
water or sediment benchmarks), whereas others were more quantitative (e.g., community surveys).  Risk 
identified based on a qualitative measure of effect had more uncertainty associated with it than risk 
identified based on more quantitative measures of effect.   

A relative weight was assigned to all of the measures of effect before those endpoints were used 
in risk characterization.  Menzie et al. (1996) described ten attributes which, when summed, can help 
determine the relative weights of all of the measures of effect.  Attachment 4.32 summarizes the BERA 
endpoints and provides the WOE scoring for each measure of effect used in this BERA.  These WOE 
scores were a key component of the risk integration step described in the risk characterization of the 
BERA. 
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Figure 4.2: Location of the five ponds on the east branch of Ely Brook 
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Figure 4.4: Site conceptual model for aquatic habitats and receptors at the Ely Copper Mine 
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Figure 4.4: Site conceptual model for aquatic habitats and receptors at the Ely Copper Mine 

Potential sources Transport Mechanisms and Exposure Media 

M
ac

ro
in

ve
rte

br
at

es

Fi
sh

A
m

ph
ib

ia
ns

 (l
ar

va
e)

A
qu

at
ic

 In
se

ct
-E

at
in

g 
B

ird
s

P
is

ci
vo

ro
us

 B
ird

s

P
is

ci
vo

ro
us

 M
am

m
al

s 

● ○ ○ 
● ● ●

 surface water runoff

 leaching ● ● ● ● ● ●
 groundwater migration 

● ● ● 
● ● ● 

● 
○ = potentially complete minor exposure pathway 

blank = incomplete or insignificant exposure pathway 

Ecological Receptors 

Direct Contact 

Ingestion 

Direct Ingestion 

= potentially complete major exposure pathway 

Direct Contact/Absorption 

Direct Ingestion 

Exposure Routes 

Sediment 

Surface 
Water 

Biota 
Mine 

Waste 
Piles 



•• 

Attachment 4.1 

Selection of Sediment COPECs for Benthic Invertebrates in Pond 2 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals 

Concentration 
Frequency of Minimum Maximum Used for Benchmark Hazard Reason 

Detection Detect* fla Detect flag Screening Benchmark Source Quotient COPEC? Code 

<1 

'''' 

'''''' 

0.11 0.11 12
0.11 ..w............ J?l 
 No w....... j~lw.

1.0 1.0 9.79 No(it {~t, .............,
'''''''__ ,,~O~_~''''_''www " 

459
321 
 321 
 321 
 0.7 Yes.Q). ... .~.L....w,,~",_ "., "" w" """ "''''''~,~vw"_,, 

NA1.8 1.8 1.8 NA Yes ...........w
.. jgL.
1.3 1.3 1.3 0.99 .3 
 Yes(1).w .... tCi.t . 

Calcium 18900 
 18900 
 18900 
 NA NA No .w.w.\91.V"M"" 

Chromium 130 
 130 
 43.4 3.0130 
 (a1........... wn)
,~.""" "''''''o''_~'''''''_~'''~n__ '''_~ _w,.w~.'~ 

50 
."" 

Cobalt 24.0 24.0 24.0 (11 .wj~1 ..m"o''''''''''~'»<_'''__ '' ,.<.""._,,,,,~,,,_"~ ,·,,,·_·_,,,,,,,,,,~o,_ 

87.6 87.6 8i~6 31.6gc::>eI?~~wwww, •• w •••••••••• (Ci)w ..........w
,·v_v,,··w,,· ...w..........w.J1.1
"""'''''~v_v,_., _'_"'0'0"''''0'_''' 

Iron 44800 
 44800 
 44800 
 188400 
 (~1 w.D?l......... 

<135.8Lead 31.8 .8 
 31.8 No(3) ... .w............. (~)
u,'. _nn,·''',.,. '0 ~,.,"_ '''' 

13800 
 13800 
 13800 
 NA NA No ......... w(9)......w
..fIII~9flwE?~!':Irn. 
769 
 1.2 Yes769 
 769 
 630 
 (Cil.................. (~)
flllCiflg5:lfl~~E? ........... 
 '>"'"''. " '''" 

0.11 0.174 No0.11 0.11 0) (Qt.fIII~.r:£':II)'... ...............w ••••••••• , 
 ..... •• 

2.6 2.6 2.6 NA NA Yes.flllc::>I}".~.c:lE?fl':l.rn. .... .................(g}....w......
"" .. ·····22:7·Nickel 45.4 45.4 2.045.4 Ci)
10900 
 NA NAPotassium 10900 
 10900 
 .....J9.L.. 

0.29 3.8Selenium 1 
 1.1 (Cit 
Silver 1.0 .0 0.5 2.0 Yes 

NA W",·OdN .JCil•......·.""~·""'_~~m~'''''O''·. 

Sodium 13000 
 13000 
 13000 
 NA No ......wJ.dJ.w...."'N·.'_v'_.,,'" 

165 
 49.0 3.4 YesStrontium 165 
 165 
 ..\§I....... (~t .. 

2.7 5.02.7 2.7 No.............. j~) 
 ...... J~.L ....'w"",,"O 

148 
 50 
 Yes148 
 148 
 .w... w... j~) .J§lL ...,.,.,," 

131 
 121 
 1 
 Yes131 
 131 
 a 
mg/kg =milligrams per kilogram 

COPEC - Chemical of Potential Ecological Concern 

NA - Not Available 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERlTM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

* - Value represents the maximum non-detect reporting limit (RL), if chemical was not detected. 

(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 

Created by: RAR 2/5/2008G:IALLSHARElESATBIO\Ely MineIBERA\COPCs - EPCs - HQsIPondsl 
Pond 2 SD CPCs and EPCs.xlsFinal COCs 1 of 1 QC'd: EK 2120/2008 

www.epa.gov/RCRIS-region-5/ca/ESL.pdf
http:flllc::>I}".~.c:lE?fl':l.rn


·Attachment 4.2 

Selection of Sediment COPECs for Benthic Invertebrates in Pond 3 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals 

~nt!I"!l~!:l~Y~~ ........~.. ... 
Arsenic 
»m'=~~~"'"~~''W~'~''_''' 

Barium 
~_'~"""'~'N'_'m~/"~'~~~ 

1?~~l)Il[':l!!1 
Cadmium 
Calcium 

Lead 

Concentration 
Frequency of Minimum Maximum 

Detect 
Used for Benchmark Hazard 

Quotient 
Reason 

CodeDetection Detect* fla Benchmark Source COPEC? 

g:.~Q 0.30 .Q:~O 12 <....1.........~.. ~~.. ~ .........N.......o.......4 ~j~l 
........ ~~:g. I.......... 1 ...............~3::.:..0::............. 1 .........~1......... 3.0 ......:.... + ................9::..:..7:..:9::......... .J~2. 

377 377 0.7 Y,'~~.............J~l .... 
1.6 1.6 1.6 NA.~..y~~~..~...~~... (?L. 
1.2 1.2 .........:.:..2=...... 0.99 ...................y~~~..... ~(~2. 

....... ~.:..~:.:.......:............ ~1......... }:EQ01~?gg.. ... 14700 ....t-J.I\.........~.I~.~................ ...... I............. .....~..+~ ......N..:o:.•..~..•.1 .•.•J91.... 
85.0 85.0 85.0 43.4 Yes .........J~) 
30.9 30.9 30.9 .............. +~ ... ~.5::.0.::~~.... .I•..• ~~.~.,.•.l ...• ~.~+ .~..~.~........:................. + .....N..:.~o:•.••~••1 j~) . 

..8:..1:....,.7.:.... 1 .1............8:...1: ..,...7:........., ... 1..............::••:.•:.•7:... 31.6 (~l 
8400 58400 58400 88400 .. +.... ~.......,........ . ..I......:...,.:.~......I ~.......j~l.... . 
43.7 43.7 .. ...:1:~L 35.8 ..J~) .. 

" • ,~"., > '''  -,~"'''~'' 

.M':lg~I1~~ll:!!!1. .........~......~.....~.... . 12200 12200 12200...t-J~.. .....~......f<:ll..... 
M':lf:l9.§3D~~~ 3130 3130 30 630.JCl.L.... 
£y1.~E.9~EX.~ ..... 0.15 0.15 0.15 74 (~L 

~M.()IY~<:I~I1':l.rn ...:........ 2.2 2.2 2.2 NA .... ~2. .. 
Nickel ...~?&....... ......... ~?:~ ......1...........1 38.6 ...................~~:Z 
Potassium 8400 8400 8400 NA 

,.""•• ~,"~•• >< ""~"'-'-'~-" ._, " "--'",,'~"'.. -.-,,-~,,,,-

Selenium 1.4 1.4 1 ...................1:.:...4.:.. 0.29 
Silver 1.0 0.5 
~,,_«"~_"~~~"',"·"'~"""_·_,,_w __ ,_""~""'_,·,,,,~o,, ~_,_ 

Sodium
Strontium···· 
,.~~~,_,~""'>,_'""'~,~~,,,"'~,.,, 'A' 

910:.0~.. I.... 9100 NA 
.......................+~ ..~.134 134 49 ..0.:....... + ... 

Tin. 2.5 2.5 5.0 
Vanadium 125 125 50 .......... 1.....~ .......,:L........~.... I ...•..::;=..... ~.I 
Zinc 127 27 121 
mg/kg =milligrams per kilogram 

COPEC - Chemical of Potential Ecological Concern 

NA - Not Available 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ER/TM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

* - Value represe~ts the maximum non-detect reporting limit (RL), if chemical was not detected. 

(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 

Created by: RAR 2/5/2008
G:IALLSHARBESATBIOIEly MineIBERA\COPCs - EPCs - HQs\Ponds\ 

Pond 3 SO CPCs and EPCs.xlsFinal COCs 1 of 1 Qc'd by: EK 2/20/2008 


www.epa.gov/RCRIS-region-5/ca/ESL.pdf


Attachment 4.3 

Selection of Sediment COPECs for Benthic Invertebrates in Pond 4 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals 

Frequency of 
Detection 

1 I 1 ..................~....~ ... ··· ..·················1/2 
...... ··············2T2· 

Minimum 
Detect* fla 

Concentration 
Used for Maximum 

Detect fla 
Benchmark 

Benchmark Source 
Hazard 

Quotient COPEC? 
Reason 
Code 

2 

Cadmium 
C~aicium····~··· 

".,.""0.,"".,,,.,.,', .•_»,..•... ,_, 

Chromium 
.m, .,,,,,,,,,.•,,,~.~,"~v 

Cobalt 
,~v"""'·"'''''~~.·''·'· " .. 

C:::~PPE:}~. 
Iron 
>"''''''''''''''",,,,,.---.'--''-~-.-", 

Lead 

.ry1~.gDE:}.~i~..f!l..... 

..fIJ1§l£l9.§l£lE:}~E:} . 
rv1E:}rC:LJI)' 
~~llI:>.2E:}l'1lJf!l 
Nickel 

«,N••V'" "~'v~w"."._.,, 

Potassium 
"o·w·,.···"" ••_.",·,,"_.·,," 

Selenium
Silver 

.......... ............ 

~ , .."mo,' ~-~••-."-,, 

Sodium 
Strontium 
,~~·~'_A"·=~""·~·V." . 

Thallium 

Vanadium 
",".~-~,~~.~.~~",... 

linc 
J 

1.9 1.9 
93.0 93.0 

•..•• " .•.". '"" "V'''''' '"'"''' v,'','''' "'" '" """'''''~'_,''/m 

320 J 320 Yes a 
mg/kg =milligrams per kilogram 
COPEC - Chemical of Potential Ecological Concern 
NA - Not available 
* - Value represents the maximum non-detect reporting limit (RL), if chemical was not detected. 
1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERlTM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
J - estimated value 
(a) The maximum concentration exceeded its benchmark. 
(b) The maximum concentration did not exceed its benchmark. 
(c) No benchmark was available. 
(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 

Created by: RAR 4/2/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIPondsl 
Pond 4 SO CPCs and EPCs.xlsFlnal COCs 1 of 1 QC'd by: EK 41712008 

www.epa.gov/RCRIS-region-5/ca/ESL.pdf


Attachment 4.4 

Selection of Sediment COPECs for Benthic Invertebrates in Pond 5 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Concentration 
Frequency of Minimum Maximum Used for Benchmark Hazard Reason 

Chemicals Detection Detect* flag Detect flag Screening Benchmark Source Quotient COPEC? Code 
Metals (mg/kg) 

.~I'l!irn2I'lX........................................... 
Arsenic 
'~VAVN'n_c"~'''~~~~,,,' 

Barium 

.~e~f)'t~Ll:lrn........ ....................... . 
Cadmium 

n.' ••••• ,_,. ,. "'" "'~ '"""~ ,~Vo'c o~ 

mg/kg =milligrams per kilogram 

COPEC - Chemical of Potential Ecological Concern 

NA - Not Available 

1. USEPA 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-S/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERlTM-9S/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12pp. 
4. Persaud, D., R. Jaagumagi and A Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

* - Value represents the maximum non-detect reporting limit (RL), if chemical was not detected. 

(a) The maximum concentration exceeded its benchmark 

(b) The maximum concentration did not exceed its benchmark 

(c) No benchmark was available 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001) 

Created by: RAR 2/S/2008
G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIPondsl 
Pond 5 SO CPCs and EPCs.xJsRnaJ COCs 1 of 1 QC'd by: EK 2/21/2008 

www.epa.gov/RCRIS-region-S/ca/ESL.pdf


Attachment 4.5 

Selection of Sediment COPECs for Benthic Invertebrates in the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Concentration 
Frequency of Minimum Maximum Maximum Used for Benchmark Hazard Reason 

DetectionChemical Detect* flag Detect flag Location Screening Benchmark Source Quotient COPEC? Code 
Metals (mg/kg) 

~~~~5;............................ .... ..........................2~+~g::~J1f~o~ •••.• 'b~gg..... .... 
Arsenic .................... 22 I 31 7t')l()O.2.~.i~ .. 
Barium 32 I 32 100% 18.0 ............... 

Vanadium ............•........... 1 3~J}2 
32 I 32 Zinc 

100%1 ...3:0....:.0..•............ + J 
100% 39.0 

112 
410 

112 
410 

50 ........... 

···············fR<~- " 

121 
2.2 
3.4 

Yes .. 
Yes 

....... ~~} 
COPEC - Chemical of Potential Ecological Concern 

NA - Not available 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/calESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. ,1997. Toxicological benchmarks for screening contaminants of pote'ntial concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory, ES/ERlTM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy . 

• -If sample was not detected. value represents maximum non-detect reporting limit (RL) 

J - estimated value 

(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 
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Attachment 4.6 

Selection of Sediment COPECs for Benthic Invertebrates in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Minimum 
Detect* 

Metals 
28 / 28 100% 3200

···········5/33 .... ········15o/~· "0.65' 
·..c ... <...........................................................·..·.. 1.......... .. ........................................... . 

31 / 34 91% 0.33 

Chromium 
Cobalt 
g:~ee~r. 
Iron 
Lead 
l\II~gf.le,~i':l!l] .. 
.1\II~f.lg..(3I].e,~~ 
.M....e,r:.~IJI}'.... ..... .. 
I\II.Qly~cle,f.l':l!l].... 
Nickel 
Potassium 

Sodium
,,_"""v~_~,._,.__ , ___ _ 

Strontium 
v ~,,,_"'.•~'w~"v_,. ~ 

Thallium 
Vanadium 

v,._,. _.~v~_""v.•~~, , __ '" ,,, __~>.>'v,_~v___v_«·"" 

Zinc 

34/ 34 100% 20.0 
7/ 34 21% 0.10 

. ",«."." "",. , .---,. " ..,. 

11 / 34 32% 0.10 
~."".-->, .".,~ ._...". 

34 / 34 100% 2200"" __,,·.·· ___ w~,,_ 

34/ 34 100% 7.1 
34/ 34 100% 5.2 

- '--''''.",.'. ~ --~,,- »~"-.-.'" ~---" ..~-

34 / 34 100% 44.0_ _~ '__~ __N_..'_.____. __._.~v"._._, ,,«~_,_>, 

34 / 34 100% 8500 
C" •••~" " •• ••m v , >~~ 'v_v_ • 

31 / 34 91% 2.2 
34/ 34 100% 1500 

.,,'"'v•••'o'". '_"~m'" ""V, v' V"'v>'~"VV''"V'~ 

34/ 34 100% 200 
9 / 31 29% 0.01 

29/ 30 97% 0.16 
34 / 34 100% 6.7 

,~c_·_"__,~_""·,~vv,, ._. 

31 / 31 100% 840 
29/ 33 88% 0.19 
11 / 34 32% 0.16 

_.~~_." _ ." _V''''._ "m"'_",,, 

31 / 31 100% 46.0 
6/ 6 164 
0/ 28 0% 50.0 

34/ 35 97% 9.2 
v __.~,._•••••••__ .NN vn __ •••••__'<_,.,~ 

34/34 100% 21.0 

Concentration 
Maximum Maximum Used for Benchmark Hazard 

Detect fla Location Screenin Benchmark Source Quotient 

12000 
2.4 
12.0 
199 
2.0 

0.49 
,,____"'vvv_"w«.""·,,_~v_v_,,~v 

27250 
v __N""""",.W",'_'v 

85.0 
93.0 
1390 

58800 
31.4 

_·v_""_.'UV~"'·_'v·~._"_~ ~ 

7850 
"" "" "'~"'W"" """~, ~~.~" 

1400 
0.02 
7.3 
22.0 
9200 
9.8 

0.49 

62.0 
~ ·o·"",~"~,,,·.,,,," .., 

130 

SB-1360M 
SB=3260M~ 
-,~"",~-"~".~"-,-.»,,. 

SB-3245M 
SB-140M 
'""'"''~"W'~''~~''O~''' 0 

SB-3245M 
~~"u.· .... ,_"•.•"_"",, ~ 

SB-20M 
SB-3245M 
Si3=3245M 
SB-3020M 
SB-3260M 

... ············Si3=3260M· 
Si3:140M" 
SB-3245M 
S§=32·45M· 

J SB-2900M 
,~ ,_'"~,~ "~~'~N~····"~' ""<""~" <' 

SB-3260M ..".,"..".,~, ..~-..-,,-......,. 
SB-3245M 

. ··········S§~140M 
S§=3260M
S§=H40M·· 
SB-3245M 
SB-3245M 

SB-3260M 
SB-20M 

62.0 
130 

COPEC? 
Reason 
Code 

mglkg - milligrams per kilogram 

COPEC - Chemical of Potential Ecological Concern 

NA - Not Available 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.govIRCRIS-region-5IcaIESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERITM-95IR4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy . 

• - If sample was not detected, value represents maximum non-detect reporting limit (RL) 

J - estimated value 

(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 

(e) The compound is present above its RL in less than 5% of the samples and the number of samples collected exceeds 20. 

Created by: EK 3/12108 
School SO CPCs and EPCs.xlsFinal COCs 1 of 1 Qc'd by: RAR 3/21/08 
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Attachment 4.7 

Selection of Sediment COPECs for Benthic Invertebrates in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Concentration 
Used for Benchmark Hazard ReasonFrequencyof Minimum Maximum Maximum 

Detect fla Location Screenin Benchmark Source Quotient COPEC? CodeDetection Detect* fla 

Aluminum 

/\r1~i~fl1()IlY 
Arsenic 
Barium 
l:3~rylli[jfl1 
Cadmium 
Calcium 
Chromium 
Cobalt 

Iron 
Lead 

Mgrc;[jl}' 
M()IY~cl~ll[jfl1 

Nickel 
Potassium 

<1 
<1 
<1 

279 
NA 
<1 
NA 
<1 
<1 
8.2 

188400 <1 
35.8 <1 
NA NA 
630 1.8 

0.174 <1 
NA NA 

22.7 ...OJ........ ~.........:<1 ....~........N().. I....~..•X~:L••.•••.• 

NA NA No 
"". '"' 'V'y'""." _~",., 

0.29 ...~.....Q) .... ~.?,fL.. Yes 
0.5 ........ ~.. .. .. JD ................ .. ....J.~1 .........~.ye_~... ~ 
NA NA No 

I~~····c~:.·.. ·:··~·······I-· .........•.~............ .1 ~ ....•~~...~ ... 

16 I 16 
2 1 17 

10717 
17 I 17 
4F17 
~'iT1i 

17 I 1 
17 I 1 
17 I 1 

"'1771 
17 / 17 
14 I 17 
17 I 17 
17/17···· 
2 I 14 
8 I 10 

4600 
0.22 
0.47 
23.0 
0.05 
0.10 
1900 
11.0 
2.5 
4.2 

5100 
0.63 
1900 
138 
0.01 
0.11 

14000 
1.8 
5.0 
195 
1.8 

0.18 
13000 
31.5 
28.5 
260 

22800 
11.0 
8000 
1120 
0.02 
1 

17/17 7.4 21.0 
8400 
0.81 
0.57 
7600 

14 1 14 830 
"~«< "~_"'_, ___ ,,_,,"'~_"n ~ 

3 1 17 0.30
·····i·/17· 0.46 

- _., .~< --~-,- ""~-~~--

13 1 13 48.0 
'",0 ___ e" '" VA~_·~V.~, 

COPEC - Chemical of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

NA - Not Available 

+ .........9....3.c.....~...~... I 

"'49.0 
125 

J 

J 

J 
J... 

OR-20200M 
OR-23650M 
OR-11850M 
OR-23200M 
OR-23200M 
OR-23200M 
OR-23630M 
OR-23200M 
OR~11850M' 
OR 
OR-23630M 
OR-23200M 
OR-23630M 
6R~20200M 
OR-23200M 
OR-23650M 
OR~23630M 

OR-2626oM 
OR-23650M 

. "" ,,, ..,,--..,,,,~,,~,, 

OR-23200M 
JOR~23630MSelenium 

. '"~''~''--'-~''''' 
J '6R~8350MSilver 

OR-23200MSodium 
,,~~'w~~ y ,_~,_''''''''" 

Strontium .. +O:R~2~?9()f\I1
Thaljfum~ 

oR~i3200r\lf 
OR~8350M~ 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-S/ca/ESL.pdf 

14000 
1.8 
5.0 
195 
1.8 

0.18 
13000 
31.5 
28.5 
260 

22800 
11.0 
8000 
1120 
0.02 
1.1 

21.0 
8400 
0.81 
0.57 

7600
•.•. ~ ~~.. .. ~ .•. ~•.~~ 

193 49.0 
27.5 NA 
49.0 50 
125 121 

2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERITM-9S/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy . 

• - If the chemical was not detected than this value represents the maximum non-detect reporting limit (RL) 

J =estimated value 

(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 
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Attachment 4.8 

Summary of Sediment COPECs for Benthic Invertebrates 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ponds 
COPEC 2 3 4 5 EI Brook School House Brook The EBOR 
Arsenic 

Barium 

~~J}'I!i,L!rl1_~~~__ .~, .... 
Cadmium 
Chromium 

Cobalt 
Cop er 

Iron 
Lead 

.~~l)gaf1~~.~.~~~... 
~~!y~9.~~I)~f!1..._. 
Nickel 
Selenium 

Silver 

Strontium 
Thallium 

Vanadium 
Zinc 

~~... 

..j - Chemical was selected as a COPEC 

Created by: RAR 7/17/2008 G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HOsI 

Sediment COPEC Summary.xlsSheet1 1 of 1 Qc'd by: 




Attachment 4.9 

Selection of Pore Water COPECs for the Main Stem of Ely Book 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Concentration 
Benchmark Hazard ReasonMaximum Maximum Used for Frequencyof Minimum 

Detect Location Screenin~ Benchmark Source Quotient COPEC? CodeChemicals Detection Detect* fla~ fla~ 

Metals, Dissolved (ug/L) 

ug/L - micrograms per liter 

COPEC - Chemical of Potential Ecological Concern 

Note: The data for the six hardness-dependent metals (Le., cadmium. chromium. copper. lead. nickel, silver. and zinc) where normalized to 100 ug/L hardness for comparison to their benchmarks 

(normalized to 100 ug/L hardness in EPA, 2006). 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January. 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman. M.F. 1999. Screening Quick Reference Tables. NOAA HAZMAT Report 99-1. Coastal Protection Division. NOAA. 

6. Suter. G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. 

Oak Ridge National Laboratory . 
• - If sample was not detected. value represents maximum non-detect reporting limit (RL) 

J - estimated value 

(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte. the analyte was not selected as a COPEC (USEPA. 2001). 
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Attachment 4.10 

Selection of Pore Water COPECs for School House 8rook 


8aseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency 
of Minimum 

Chemicals Detection Detect* 
Metals, Dissolved u IL 

.................................... ....~..L..~L........ j .•.•.8=.:•..5:.. .... .Aluminum
Antlmo'ny'Arsenic ...... 
ffarium'" 
.!:i.~,rxlli~.I11......... . 
Cadmium 
Calcium
Chromium' 
Cobalt 

gS>flfl~~ 
Iron 

Lead 

f\II(:l.9.11~?i~.rJ1........... 
f\II(:l119.Cl.I1.~?~..... 
.f\II~~C:IJ,rx.. .. 
f\II~lyt,>.cl~I1~Ill... . 
Nickel 
Potassium 

Vanadium 
Zinc 

41 9 
"6ig'
gIg 
01 9 

200 
20.0 
10.0 

.ror""?fT'''(~j' ,,,VA,,·,, ""AA"'''0':02 
34600":fo:o' 
'0.03 
0.76 
28.0 

71 9 0.003 
9T9······1950 
91g' 0.60 

·····OT3 5.0 
• r A_"~~'''''_' ,~~c_~",,, AA" ." A"'",HA_""" 

01 9 20.0 
91 9 ··········O~07 .. 
2/"2' #REF! 

~,._. __ ._, _ ~. __." "._._. ,., .. ,'" ." w.,,~.. ,.~~ A'A 

81 9 1.3 
6'T'g' 1000 
9Tg·· 5.5 

'7/g 184 
1/9 0.10 
21 9 0.95 

fla 
Maximum 

Detect 

202 
0.53 

88.0 

93600 

4.3 
25.0 

0.20 
"'6216 

2.6 
'#REF! 

7.4 
4470 

,_ A'"'''''''''V'''''~''''''' 

242 
470 
0.10 
149 

fla 
Maximum 
Location 

S8-2400M 
'N'··'",'_"'" ,-v, '"W"n"" 

S8-2400M 

S8-140M 

"'SB~24bbM 
S8-1360M 

S8-1360M 
,_ «"'A_,"_'~"'''V' 

S8-1360M 
······SB~2400M 

'S§:1360M 
S8-140M 
,.,,,.,~ ."~"nA'VMr.~«~~ • 

S8-2400M 
sS:1360M' 

88:1401;;1 
S8-2400M 
SB~1360M 

Concentration 
Used for 

Screenin 

202 
0.53 
200 
88.0 
10.0 

0.20 
6210 
2030 

§~~.1}()gf\ll ..I......."""":"';":"="" ...........•j 

S8-1360M 
SB~140M 

····S§~2400M 
... ·8B·~T36·OM . 

470 
0.10 
149 

Benchmark 

87··so· . 
150 
220 
3.6 
0.25 

2.5 
NA 
120 
0.77 
370 
52 
NA 
5.0 
NA 

1500 
40 
12 

120 

Benchmark 
Source 

Hazard Reason 
Quotient COPEC? Code 

1.5 

<1 
12 
<1 
1.2 

COPEC - Chemical of Potential Ecological Concern 


ug/L - micrograms per liter 


Note: The data for the six hardness-dependent metals (Le .. cadmium, chromium, copper, lead, nickel, silver, and zinc) where normalized to 100 ug/L hardness for comparison to their benchmarks 


(normalized to 100 ug/L hardness in EPA, 2006). 


1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/03S. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, GW. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. 

Oak Ridge National Laboratory. 


J - estimated value 


• - If sample was not detected, value represents the maximum non-detect reporting limit (RL) 


(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 

Created by: RAR 6/6/200SG:\ALLSHARElESATBIOlEly MineIBERAICOPCs· EPCs - HQsISchool House Brookl 
School PW - CPGs and EPCs.xlsAquatic COCs 1 of 1 QC'd by: EK 611212008 

www.epa.gov/RCRIS-region-5/ca/ESL.pdf


Attachment 4.11 

Selection of Pore Water COPECs for the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Chemicals 
Metals, Dissolved u IL 
Aluminum 
.t\rltir1l()rlY . 
Arsenic 
m'~"'«'_ m" •• ~. ~''"'' • _ 

Barium 
~~ryllll:lf11 
Cadmium 
w".~,,"_·,,~,,~__e~~,·,,~" 

Calcium 
Chromium 
Cobalt 
g<?p~e~i~~ 
Iron
Lead 
.~.Ci.g!l.e~i.lJ.f11 
..~Ci'l9Ci!l~.~~.~....... . 
~~rgl:lry 

()1~.9.<l.~rllJ.f11.
ckel 

Concentration 
Frequencyof Minimum Maximum Maximum Used for Benchmark 

Detection Detect* fla Detect fla Location 

3 13 
o 13 
o 13 
3 13 
o 13 
3 13 

11.6 
50.0 
200 
23.0 
10.0 

49.0 OR-11850M 

85.0 +......... ,OR-11850M 

0.002 0.06 OR-11800M 
•• , -v ."'.,,_,,~~,~,,~, 

35800 86800 OR-11850M 
1.9 1.9 OR~11'800'M 

Screenin Benchmark Source 

49.0 ....... O)....~...... 
50.0 (~) .. 
200 .j1) 
85.0 ...(~1 .. 
10.0 ....(~) 

0,47 3.08 OR~11850M
······0:26·········· OR~11S00M' , ............:•..•................ I 

:::~:.•..:......... 23:6 184oR=11860M 
'0:662 '6j OR~11S00M 

•·••••••• 11~4~j7'qO•••••••••••••r: 1.,~219: I. ]oR=11850M······· 
364 3700 OR=11850M 
5.0 

2.5 
NA

···················120 
"" .• '''V''V''A'·~·~V_o' 

0.77 

Hazard 
Quotient 

<1 
<1 

<1 

<1 

30.8 
6.5 

20.0 
0.03 

····3186 
0.80 
5460 

OR=11'866M'" 
OR=1'1'S56M 

20.0 370 I........,~:;~ ..~..... j ........::J.......... 
0.80 .................... ?? ............. k ......•.. L)'.~ ..........~•.l ...........<...1.:~............. 
5460 NA 

COPEC? 

No 
No 

Yes 
No 

Yes 
,,·w.··.···mwo"··_· .. ·· 

No 

No 

.w"... """"."'_W""'" A"" •••• ~A""" 

1.0 5.0 
............. : •.~ ................................ ·I············~······;:.···i 1.0 

Yes 
Yes 
No 
No 
No 
No

•.•... •.L:L·····~···+········· .. ····:.··~·········I········..··••... 

Reason 
Code 

9560 
165 

16800 
399 

OR=11850M 
OR=H850M···· 

16800'~NA"" 
····399~·1506 I··~~~,···,··,,··~····+··~,,········,,·····+ 

No 
No 
No 
No 

.:c.:'.:.:. •.• ...................... .•• ••• I.. ... :: ".:: +··········6.16 .. . 0.10 40 
12 

"A' • 'V'" ',.' A.V"~'V 

120 

1.0 I" I········:··~···· OR=11850M" 
0.08 I +~·······:·:··:··..···+·····-'OR=11S06M········ , ..............:..:...: ..........~.... 

No 
uglL - microgram per liter 

COPEC - Chemical of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

Note: The data for the six hardness-dependent metals (I.e., cadmium, chromium, copper, lead, nickel, silver, and zinc) where normalized to 100 ug/L hardness for comparison to their benchmarks 

(normalized to 100 ug/L hardness in EPA, 2006). 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/caIESL.pdf 

5. Buchman. M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. 

Oak Ridge National Laboratory. 

* -If sample was not detected, value represents maximum non-detect reporting limit (RL) 


J - estimated value 


(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 

Created by: RAR 6/6/2008G,\ALLSHAREIESATBIOlEly MinelBERAICOPCs - EPCs· HQsIOmpom Riverl 
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Attachment 4.12 

Summary of Pore Water COPECs 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC Ely Brook School House Brook The EBOR 
Aluminum 
___cccCccc__ccMeccccc_c__ ccc cce ccc,cC'_CC_~CM 
Arsenic 

c~~~1.IX':lf!lcc 
Cadmium 
Cobalt 

er 

_,§}l9§121?~~ __ c 
~~r()uEYee c'c 
Selenium 

Strontium 
Thallium 
Zinc 
" - Chemical was selected as a COPEC 

Created by: RAR 7/17/2008 
Pore Water COPEC Summary.xlsSheet1 1 of 1 Qc'd by: 
G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsI 



Attachment 4.13 

Selection of Surface Water COPECs for Pond 2 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Chemicals 
Metals, Dissolved (ug/L) 
Aluminum 

..--.~.."."~<-~,,.,- -~,"".~«<" 

f'.rI~i("J1grlY 
Arsenic 
Barium 
~~~_,~<~<'~____.. ,""y~,~",~o"",,,___ ,,~,,, '" 

l?(;).ryllilj("J1 .... 
Cadmium 
Calcium 
Chromium 
"_"'N~ __v"'~~,~_,_,~~ 

Cobalt 
g()pp~r 
Iron 

__ ,,_~"~N_o'''"_~'"'''''~_O'''' , 

Lead 

M9£trlf::~ilJ("J1. ... 
M.~rI£t9r1f::.~f:: ..... 
M<:l.lyp<:l~.Ql:l("J1 .. 
Nickel 
Potassium 
~•. >"~,."-,"«",,.•,,,,",,-

Selenium 

1:~~~I,~·,r"Ijl..'....'..'."" .....'........................... 
Strontium 
'·_n~"_".·_·.•_"'_m"_'··.·_· . 

Thalliumvanadium·········· 

Frequency of Minimum Maximum 
Detect 

Concentration 
Used for 

Detection Detect* flag flag Screening Benchmark 
Benchmark 

Source 
Hazard 

Quotient COPEC? 
Reason 

Code 

ug/L = micrograms per liter 


COPEC - Chemical of Potential Ecological Concern 


Note: The data for the six hardness-dependent metals (Le.. cadmium. chromium. copper, lead, nickel, silver, and zinc) where normalized to 100 ug/L hardness for comparison to their benchmarks 


(normalized to 100 ug/L hardness in EPA. 2006). 


1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman. M.F. 1999. Screening Quick Reference Tables. NOM HAZMAT Report 99-1, Coastal Protection Division. NOM. 

6. Suter. G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 


* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 


(a) The maximum concentration exceeded its benchmark 

(b) The maximum concentration did not exceed its benchmark 

(c) No benchmark was available 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001) 

Created by: RAR 4/1/2008G:IALLSHARElESATBIOIEly MinelBERAICOPCs - EPCs - HQsIPondsl 
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Attachment 4.14 

Selection of Surface Water COPECs for Pond 3 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequencyof Minimum Maximum 
Concentration 

Used for 
ScreeningParameters 

Metals, Dissolved 
Aluminum 
""",--,~,~~<,,~y,~~~,,~..,~.,, 

~1l~ir112E!Y~~__ ..._ 
Arsenic 
Barium 

.E?~r:yllil:lr11.~ ,_ 
Cadmium 

Potassium 
Selenium 
Silver 
Sodium 
Strontium 
,~"_".·",·,,,,_,,,,v,,,,·,· 

Thallium 
Vanadium 
Zinc 

Detection Detect* 

1 I 1 
1 I 1 

A" ",.,'" """ ,~"." ."~''' .. ~,,_ 

0/1 
1 I 1 
o I 1 
o I 1 
1 I 1 
01 1 

6.2 
0.62 

13.0 
'" "''''''''~'_''W'O~~''''_ 

10.0 
13.0 
9060 
28.8 
0.23 
1.7 
253 

fla Detect fla 

9060 

.~.-" ...,.,-,,'" I· ..··1 
253 

'" _"·_O'W'_~·_"""·'''' 

0.52 
1170 
444 

46.2 
1310 
35.0 

7.2 

Benchmark 

NA 
120 
370 
52 
NA 
5.0 

0.32 . -~ ,.,,,~-- .. ,,,-,,~ 

NA 
, ....,.,.,,,"'.~.'''~,-.,, 

1500 
40 
12 

120 

Benchmark 
Source 

Hazard Reason 
Quotient COPEC? Code 

ugfL =micrograms per liter 

COPEC - Chemical of Potential Ecological Concern 

Note: The data for the six hardness-dependent metals (Le., cadmium, chromium, copper, lead, nickel, silver, and zinc) where normalized to 100 ugfL hardness for comparison to their benchmarks 

(normalized to 100 ugfL hardness in EPA, 2006). 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540fF-95f038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.govfRCRIS-region-5fcafESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ESfERfTM-96fR2. Oak Ridge National Labor;:ltory . 


• - If sample W;:lS not detected, value represents maximum non-detect reporting limit (RL) 


(a) The maximum concentration exceeded its benchmark. 


(b) The maximum concentration did not exceed its benchmark. 


(c) No benchmark was available .. 


(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 


Created by: RAR 2f5f2008G:IALLSHARElESATBIOIEly MineIBERAICOPCs· EPCs· HQsIPondsl 
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Attachment 4.15 

Selection of Surface Water COPECs for Pond 4 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Concentration 
Frequency of Minimum Maximum Used for Benchmark Hazard Reason 

Chemicals Detection Detect* fla Detect fla Benchmark Source Quotient COPEC? Code 
Aluminum 2 I 8 5.5 41.0 

.~!:l£r:r!()DY ....~ ......... 8 50.0 
,'>,~_"'_'vv "" ,~,~" 

Arsenic 200 
'''''~'~''''~'''''~'',,, v~w. 

Barium 2 10.4 19.0 
w .,~" •• __~" "_~.",,.,~ _ 

..I?~.ry!li.l:f.rrl...... 0 I 9 10.0 
Cadmium 1 I 10 0.19 0.19 
~~"~,,wv<~v ~~".~."~~Vc v, v '_""''''~<_''''''''"O''V''W .•__A"'" 

Calcium 10 I 10 5700 9880 
Chromium 1 I 10 0.19 J 0.19 
~'V~'~~~"_~'"m' ~""~_""~ vvv" ."~".,,.~_ ••• ,, __ 

Cobalt 10 0.27 1.7 
g()J::>J)~r.~~ . 8 I 10 3.7 64.0 

•• v, "''-V,, ,," '~A~"'''_' -'-'~ - _~"" ___'O"O~___~"_·" 

Iron 10 I 10 83.0 330 
Lead 2 I 10 0.07 0.46 ... 

.1\i1.§l91'1.~~i.l:ll)1.... 10 I 10 820 1400 
1\i1§1!:lg§lI'1E:)~~...... 10 I 10 31.0 ····212 

___ . " __ ,·,__v___ ._._o "" 

1\i1()IY~~~l1lJ.rrl........ 0 I 4 20.0 
Nickel 4 I 10 0.43 J 5.3 
Potassium 8 I 8 1300 2150 
Selenium 45.0 
~'"'''w~'",,' ~____• '" ~_N~ 

Silver 218 
Sodium 890 1320 

35.0 39.0 
45.0 
0.24 J 0.24 
6.8 186 

J 

.7 
64.0 
330 
0.46 

-",...~--.,~-.".~ .-.... 

1400 
212 
20.0 
5.3 

2150 
45.0 
218 
1320 
39.0 
45.0 
0.24 
186 

<1 
1.5 

Yes 
_·"" ••_""w~w·"·",·,~, 

Yes 
No 

Yes a 
ug/L =microgram per liter 
COPEC - Chemical of Potential Ecological Concern 
* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 

Note: The data for the six hardness-dependent metals (i.e., cadmium, chromium, copper, lead, nickel, Silver, and zinc) where normalized to 100 ug/L hardness for comparison to their benchmarks 

(nomnalized to 100 ug/L hardness in EPA, 2006). 
1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

J - estimated value 

(a) The maximum concentration exceeded its benchmark. 
(b) The maximum concentration did not exceed its benchmark. 
(c) No benchmark was available. 
(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 

Created by: RAR 4/212008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQs\Ponds\ 

Pond 4 SW - CPCs and EPCs.xlsFinal COCs 1 of 1 QC'd by: EK 4/4/2008 
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Attachment 4.16 

Selection of Surface Water COPECs for Pond 5 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Barium 
"<~"<',""o''''''''_«'_'''' " 

.E?~.ry.I.I.ilJ.I"ll..... 

Calcium 
Chromium 
Cobalt 
·gQep~E···· 
Iron 
Lead 

~§l9flE3?ilJl"ll............ 
.iy1§ln9§lfl.E3?E3 ........ 
MoIY~<:lE3fllJl"ll ..... . 

kel 

Sodium 
Strontium 
Thallium 
Vanadium 
Zinc 

Concentration 
Frequencyof Minimum Maximum 

Detect fla 
Used for Benchmark Hazard 

Detection Detect* fla Benchmark Source Quotient COPEC? 

1 I 4 10.1 10.1 10.1 87······II····:···c.:.: ........ +. ........ ! ....................................................................,,___ ~,,~"v____v __,,~~'" "'~, ,,, _ _ ,~v•. ,_ .•• 

01 4 50.0 
01 4 200 

4 14.0 14.0 ..... ..•......•...... ·1······· ···1·······:······ 
10.0 

1.9 
13000 

50.0 80 
200 1 
14.0 220 
10.0 3.6 ........., ...-".-"~... ,, 

1.9 0.25 
13000 NA 
70.6 11 
24.0 24 
670 9.0 

<1 No 

2.8 
7.7 
NA 
6.4 

t················),·j··· ••.•...•1 ....... 1...:Q.......... 
74.4 

No 
Yes 
No 

1.9 
7500 
70.6 
24.0 
240 
50.0 
149 

50.0 1.0:..0.:...0.:............... j ............ , 

149 
<1 

59.4 Yes 
No1300 

90.0 
20.0 
15.9 
1500 
22.0 
127 
980 
44.0 
45.0 
11.0 
224 

2440 
." •••••" '''W_o"' ,~",.~,",_~. ., '" ". 'v, ,_·~v ~c~ 

425 
2440 
425 
20.0 
15.9 

I •... +......~;...:...: ..:.... ·..... I....J ... ........?1:3Q. 

1410 
44.0 

376 

22.0 
_"".~. ,,,,,,,,e_,,~",, 

127.3 
1410 
44.0 
45.0 
11.0 
376 

...........•.....:, ....J••...•... "I" 
NA

'.' 
""v_~"><~,~'''v,~,, 

3.5 Yes 
c,,'_'"'' .•~~".__v_~"'__,~ 

<1...... +............N:....:.o.::......... I 
<1 

",""'''''''' m,,,,,,,m'" ".'w 

NA No 
4.4 Yes.• , ..:..!.••...• j ................•.......•••....•. 

397.9 Yes 
_.·..NV" __""_'__'_' __'_ 

NA No 

Yes 

Reason 
Code 

a 
ug/L - micrograms per liter 

COPEC - Chemical of Potential Ecological Concern 

Note: The data for the six hardness-dependent metals (i.e., cadmium, chromium, copper, lead, nickel, silver, and zinc) where normalized to 100 ug/L hardness for comparison to their benchmarks 

(normalized to 100 ug/L hardness in. EPA, 2006). 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Venmont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 


* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 


(a) The maximum concentration exceeded its benchmark 

(b) The maximum concentration did not exceed its benchmark 

(c) No benchmark was available 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001) 

Created by: RAR 41212008G:IALLSHARElESATBIOIEly MineIBERAICOPCs· EPCs· HQsIPondsl 
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Attachment 4.17 

Selection Surface Water COPECs for the Main Stem of Ely Book 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Concentration 
Minimum Benchmark Hazard Reason 

Chemicals 
Frequency of Maximum Maximum Used for 

Detect* Benchmark Quotient COPEC? Code 
Metals, Dissolved u IL 

Detection fla Detect Location Screenin Source 

22.0 34000 34000Aluminum 34 / 34 100% 
_ ,.,,""'_ ~."". '"~. .·e~~",~'_" " "'A"",~.,.•~.",..,_ 

9 / 34 26% 0.02 0.28 0.286':l!irngDY~~~ . 
Arsenic 5 / 34 15% 0.08 J 1.9 1.9 

.,v..•,~" _"_"~~"~~~" .,,~, """ ~~,->,.,,,.-_,~~·_~,,~'"~""'~~""_O ~""_~~'WA""_' w, 

34/ 34 
,. 6.4 40.0 40.0Barium 100% 

.•.~"~"~'_ ,~."'m _,~~"'~. • 

27/ 34 0.05 1.8 1.879%"~~r:xlliLl'!l" '33734"" 97% 0.09 8.7 8.7Cadmium 
~_ ""'~" " ~ ~~"v~ """"~,,w~cC' ,~~o,"""~u 

35/ 35 7600Calcium 100% 65000 65Qgg~ 
Chromium 0.11 15.1 15.130 / 35 

" _. -,,,,,.,,,,- "w._,'" 'm. _,. ~'> ~"_"'~~n~' 

1.7Cobalt 35 / 35 664 664 
35 / 35 12.6 6628 6628 
32/ 35 42.0 74600 74600 

~~_~_~'v ,_",,_.~••~ ",v' 

21 / 33 0.10 1.2 1.2 
35/ 35 1000 30000 30000 

"_'_"_A'''''''."""..~..,-".»~" " ." '~""'~--' -. 

35/ 35 20.0 120100% 3100 3100 
0" _ ~,_o",,~.~~_•.,~,. '0

'~e.. '_"_N _0> " .. """,,,,,",,,...-,-,,,-.,,,,,~ - '-'~".... "",..,,' ~,." .. ".."'" w, 

0.771 / 18 0.16 
v .,", _'''_'''''''_~O~'''_'»~M~'""'".+.,~" 0.16 

16 / 31 37052% 1.8 1.8 
" ",.," '" 'v ,~ 

O. 5235 / 35 100% 67.9 67.9 
, ..-., '~~"'-"<--~«'" 

1300 NA33/ 33 100% 5920 5920 
0.20 5.017/ 35 49% 1.0 1.0 -, .. ,- -""~~ ,,'-~,~~ -- ~ 

0.320.004 0.69 0.697/ 35 20% 
,,_.»_.~.•. ".,,~-."'" c 

_,~ '~C""_"W~N"" ~_A""" 

NA32/ 32 100% 720 11800 11800 _. '" ,,,.~",,,,, 
30.0 177 177 

~"" 

150030/ 30 100% 
~ ~"'A~""~"~'''~ 

0.04 0.11 408 / 35 
-'" 

23% J 
"""'"'' ".~-.,,,.,,. 

1217735 0.06 J 3.049% 
,-....

Yes a34734 100% 16.9 1213 1213 
ug/L - micrograms per liter 

COPEC - Chemical of Potential Ecological Concern 

Note: The data for the six hardness-dependent metals (Le., cadmium, chromium, copper, lead, nickel, silver, and zinc) where normalized to 100 ug/L hardness for comparison to their benchmarks 

(norrnalized to 100 ug/L hardness in EPA, 2006). 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchrnan, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Prottlction Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. 

Oak Ridge National Laboratory . 
• -If sample was not detected, value represents maximum non-detect reporting limit (RL) 

J - estimated value 

(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 

G:IALLSHAREIESATBIOlEly MinelBERAICOPCs - EPCs - HQsIElyI 
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Attachment 4.18 

Selection of Surface Water COPECs for School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Concentration 
Used for Benchmark Hazard 

Chemicals 
Frequency of 

Detection 
Minimum 
Detect* 

Maximum 
Detect 

Maximum 
Location Screenin Benchmark Source Quotient COPEC? 

Reason 
Code 

Metals, Dissolved u IL 
Aluminum 
"'~.""""'''.~''''~''''~...~~-,.~.~.~ 

6r1til11()D.Y 
Arsenic 
~"""~"''"''~'~-'''''' , 

Barium 
"~~''''_''W,W''~W'_'_'' _ ,.",.,." v,~,.~,.,,,~,,_· 

.~~.r:Y.I.I.i.~.I11.~........ . 
Cadmium 
~v~",'v~"·,.~·v..'''~··_w·,, " 

Calcium 
Chromium 
Cobait··· 
f.~PRt:lr... 
Iron 
Lead 
""..." ......,,, ..... ,-,,,'-~. 

..~?gr1~?i!J!:rL. 

.~Clr1g§l.n.t:l?t:l .... 

.~..t:lr~.~.r:Y... 
Molyb<:je.r1lJm 
Nickel 

361 36 ............................ ···········11,····36· 
31 36 

36/36 
01 36 

·'247"44" 
441 44 
9T44 20% 

40 1 4491ii;~ 
,~. . " ..""·.·<~,,,·"'''..'''V.~''''A..'·'''.,,'',, M ''''',"~N' 

431 44 98% 
, ,.,.~"_.~"".~,, ~~"V~ 

41 1 44 93% 
71 42 

441 44 
.·.·.wv'""".·, ... ", ." w "''''''''»''''''''W'''''W'~'W'''' 

441 44 100% 
31 20 

161 37 43%
·····39T44 ""89% '.. 

__ "'·'~'~'·M·W'~'·'·'r """''''."" w'n .. , "'., ''''''c,', ~.,,,,,,~~,..,,.,. 

Potassium 351 37 95% 

7 1 45 16%
·2T43······ 
321 32 
29129 100%

" ".",,,_•• ,,,,, ·~w. 

01 44 0% 
""""",·"'·~·,~,.. ''''.··m_·«·' , 

Vanadium 121 44 27% 
Zinc 38/38 100% 

0.20 
0.01 
970 
49.0 
25.0 
0.10 
0.95 

J 

180 
1.7 

0.11 
325 

0.50 
0.04 

12000 
'A"""VV,,,,,,,,,,,',,,V,,,W>,,, 

277 

0.30
·'·211· 

SB-3250M 
" '·~"~m~_."""~""~'" 

SB-540M 
• v, """""'WN ,,,_,~~,~. ,~,.",,_ ,,,.,,. '" 

SB-3250M 
SB-1140M 

SB-540M 
···Si3=2946fV1 

0.50 
0.04 

12000 
277 
25.0 
0.30 
211 

5.0 
0.32 
NA 

,,",,' v"o,"w~~""v 

1500 
_'_" __A<C'~O_VO·~"C' 

40 
12 

_ " ''''c' _UYC"'''_~~''O_ 

120 
COPEC - Chemical of Potential Ecological Concem 

ug/L - micrograms per liter 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 


2. State of Vermont. 2006. Vermont Water Quality Standards. 


3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 


4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 


5. Buchman. M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1. Coastal Protection Division, NOAA. 


6. Suter, G.W. and C.L Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERffM-96/R2. 


Oak Ridge National Laboratory. 

J - estimated value 


• - If sample was not detected. value represents the maximum non-detect reporting limit (RL) 


(a) The maximum concentration exceeded its benchmark. 


(b) The maximum concentration did not exceed its benchmark. 


(c) No benchmark was available. 


(d) The compound is a physiological electrolyte. the analyte was not selected as a COPEC (USEPA, 2001). 


(e) The compound is present above its RL in less than 5% of the samples and the number of samples collected exceeds 20. 


G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs· HQsISchool House Brookl 
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Chemicals 
Metals, Dissolved u IL 
Aluminum 
_"""M" ~ ,.,•• AW" ",. 

Ami[T1()rlY ... 
Arsenic 
Barium 

Frequency of 
Detection 

Minimum 
Detect* 

26 '29 90% 5.7 
16T29' 34% 0.03 

. .............. L. ::::' 29 7% 0.29
29T29166% "'9.2' 

"w~,··'AW'~""~N·~A'~~.~.AA'" 

.E3~r:Y11 i.L1 rTl .. 
Cadmium
Calcium
chromium
Coba'lt 

...........................·····1T29 '3% 1.2 

Qgfl[):eE 
Iron
Lead 
I~~g6.~~i~61 
f\r1(lrlg(ln~!)e 

f\r1~Ec:.L1ry ............ . 
,f\r1.()!Y.~9.r=:rl':'rTl ...... . 
Nickel 
Potassium 

~ . ~~.....~.,.~ 
9 '29 31% 0.02 

29 '29 1 00% 7900 
7/29 ... 24% '0.16 

"A.···"·.,," M"""VV.A"A~V.W""" 

16 '29 55% 0.03 
• ~_A''''_A'''_'_A A"" 

28 '29 97% 0.33 
26 129 90% 21.0 
8T29' 28%6.67" 

'29'/29 100%650" 
"." _VV~"_'_AV~ _'" 

29 129 100% 4.4 
3 , 1520''70 0.12 

14118' 78%0:67f 
11~.·T~!~1 ..52o/~···6.20 

9 '29 100% 600 
2/27 7% 0.20 

J 
J 
J 

J 

J 

Maximum 
Location 

Concentration 
Used for Benchmark 

Screenin Benchmark Source 
Hazard 

Quotient COPEC? 
Reason 

Code 

:.:c.:........................,... 

Attachment 4.19 

Selection of Surface Water COPECs for the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


4729140j~0.63· . 
······,··..········1··, 6 100% 2400' . 

................ ..•. ,............. . 


18 100% 53.0 
Thallium 29 7% 0.09 

2928o/~ 0.13 ................ j"
vanadiumzinc··...... 29 100%0:94 
ug/L - microgram per liter 

COPEC - Chemical of Potential Ecological Concem 

EBOR - East Branch of tihe Ompompanoosuc River 

Note: The data for the six hardness-dependent metals (I.e., cadmium, chromium, copper, lead, nickel, silver, and zinc) where normalized to 100 ug/L hardness for comparison to their benchmarks 

(normalized to 100 ug/L hardness in EPA, 2006). 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-reglon-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concem for effects on aquatic biota: 1996 revision. ES/ERITM-96/R2. 

Oak Ridge National Laboratory . 


• - If sample was not detected, value represents maximum non-detect reporting limit (RL) 


J - estimated value 


(a) The maximum concentration exceeded its benchmark. 

(b) The maximum concentration did not exceed its benchmark. 

(c) No benchmark was available. 

(d) The compound is a physiological electrolyte, tihe analyte was not selected as a COPEC (USEPA, 2001). 

(e) The compound is present above its RL in less than 5% oftihe samples and the number of samples collected exceeds 20. 

Created by: RAR 2/25/2008 
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Attachment 4.20 

Summary of Surface Water COPECs for Aquatic Receptors 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ponds 
COPEC 2 3 4 5 Ely Brook School House Brook The EBOR 
Aluminum 

Arsenic 
Barium 

_B~~t}'!~l:l_r:n 
Cadmium 
Chromium 

Cobalt 

~QPP~~ 
Iron 
Lead 

M§l!:l9§l!:lese .......... . 
Nickel 
Selenium 
Silver 

-rb~lliurrl 
Zinc 

. -,J_. ... 

~.... 

~. 
. ,J... 

..j - Chemical was selected as a COPEC 

Created by: RAR 7/17/2008 
Surface Water COPEC Summary - Aquatic.xlsSheet1 1 of 1 Qc'd by: 
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Attachment 4.21 

Selection of Brook Trout COPECs for School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Minimum 
Detection Detect* 

Aluminium 12.4 

~r:ttir:!l2ny ....... . 0.10 
Arsenic 0.30 
Barium 0.30 
E3(';lryllil!r:!l . 0.01 
Cadmium 0.02 

0.30 
0.10 
7.9 

46.9 
0.02 

~c:lr:tgc:lr:t~~~ .. 2.9 

t:J!~rgLlry ................ ~.... 0.003 

t:J!2IY~<:l~flLlr:!l. . 0.30 
. kel 0.10 

Selenium 0.30 
,~ ...~.,-,-.. - .~'''' ... 

Thallium 0.03 
Vanadium 0.20 
Zinc 18.8 
mg/kg, 'NWt - milligram per kilogram, wet weight 

Maximum 

Detect 


12.4 

0.30 

0.02 
0.30 
0.10 
7.9 

46.9 
0.02 
2.9 

0.003 

0.30 

18.8 

Maximum Location 

SB-3125M 

SB-3125M 

•• V" ,.,., ~" '"_'''.v"w'''''~''''' 

SB-3125M 

COPEC? Reason Code 

Yes 
'''<'''m''''~' <,,,u'"~m~ 

No 
No 

Yes 
Yes 

Yes a 

Note 1: The concentrations associated with the COPECs will be compared to fish Critical Body Residue (CBR) values. 


Note 2: See Section 4.4.1 for the fish COPEC selection process. 


COPEC - Chemical of Potential Ecological Concern 

* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 


(a) Analyte was present above its detection limit in at least one of the fish samples. 

(b) Analyte was not present above its detection limit in all of the fish samples and the maximum non-detect RL was less than the No Effect CBR value. 

(c) Analyte was not present above its detection limit in all of the fish samples, but the maximum non-detect RL exceeded the No Effect CBR value. 

(d) Analyte was not present above its detection limit in all of the fish samples but no No Effect CBR value was available. 

Created by: RAR 1/8/2008 G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIFishl 
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Attachment 4.22 

Selection of Blacknose Dace COPECs for School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of 
Detection 

Minimum 
Detect* 

Maximum 
Detect Maximum Location COPEC? 

Aluminium 
Antif!1Qny 

enic 
Barium 

m~~''''''''~~'''~'' ."_"'~_"'., ._ 

,§~r:Ylli~f!1" .. 
Cadmium 
Chromium 

'·A"W·W'·"'··'V·V"W~"''''··· 

Cobalt 
"- "».~".. "".,,,.,,,~,, ..,•...... 

S~Qe.eE3E 
Iron 

'"m''''''''''''A''''''''~~«'' 

Lead 
,,,,,,,',,,,,v,,,.,,, "'''·A'''~",",O' , 

~?D.9?D~~E3".~ 
ty1~E9ul)'." 
ty1QI:t~clE3r1ll,.f!1 ..... . 

81 8 
4 8 
o 8 
8 8 

8 
8 
8 

81 8 

1.3 
0.10 
0.30 
1.4 

0.01 
0.03 
0.30 
0.02 
1 

26.6 
0.01 
2.63 

0.008 
0.30 

0.10 

11.5 
0.40 

2.3 

0.07 
0.50 
0.11 
5.9 

44.7 
1.2 
4.2 
0.02 

0.20 

SB-140M Yes 
.v _" ,.• _'''''~''''~>.__.' •.__m.'.'_' ." _,, __~ V_~' ..• w ,,,.,",., "'., •• ~" "'_••~,_'_' 

. SB-1360M Yes 

>' V"V" ••..~ ,,,. '" """,.v, ->""'~''''''_''''_'_V' , 

SB-1360M 
,., ,..•__, ., ·"".~M'_.v"'~,,~~"w_'~~_~h~~A 

SB-2400M 
" """"""'.. ~~.~'" "'v~,~,,_,,~,~v,"""><_, v~,''',~,_''w 

SB-140M 
" •. ,,"''' ,_.vw_o.·~v_".vo_vw 

SB-140M 
•• '" "._ m'~~' ,,"'~~ """"<."~".«""_~~,~~. 

SB-140M 
""'<'V"<'<' .v""',,"~""'~.A""~""v,~>~,,~"w~ 

SB-2400M 
SS:'f366M 

WA'" ".. """ .... ,," "'''''w.~'''''''..'w"<,,~''''.,,."' 

SB-3125M 

SB-1360M 
SB-140M 
SB-3125M 

• v ~, v,._".V~_~"VM_"W'.'~~'~"~'~"Y"~_ 

SB-3125M 

No 

Yes 

Yes 

Selenium 81 8 0.40 
0.03 

0.50 SB-2400M Yes 
..........." ... "•.. ········I···············~ ,. ... ················"···"·····························1···..•..............•..".•".••".......~~,~.·,<~"""~""w,·,,,,,~·,~,,,<~ . 

Thallium o 8 

Vanadium 21 8 
8 

0.10 
33.0 

0.10 
40.9 

SB-1360M 
SB-2400M 

~__ ,~·,~,,·"Wc,,~~~»""'_·<,~~~~'cc·,~_·w_,_~_·· ___ 

SB-1360M 

Yes 

Yes 
Yes 

Reason Code 

N{~lw 
a 

mglkg, wwt - milligrams per kilogram, wet weight 


COPEC - Chemical of Potential Ecological Concern 


Note 1: The concentrations associated with the COPECs will be compared to fish Critical Body Residue (CBR) values. 


Note 2: See Section 4.4.1 for the fish COPEC selection process. 

* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 

(a) Analyte was present above its detection limit in at least one of the fish samples. 

(b) Analyte was not present above its detection limit in all of the fish samples and the maximum non-detect RL was less than the No Effect CBR value. 

(c) Analyte was not present above its detection limit in all of the fish samples, but the maximum non-detect RL exceeded the No Effect CBR value. 

(d) Analyte was not present above its detection limit in all of the fish samples but no No Effect CBR value was available. 

Created by: RAR 2/8/2008 
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Attachment 4.23 

Selection of Brook Trout COPECs for the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Minimum Maximum 
Chemicals Detection Detect* flag Detect flag Maximum Location COPEC? Reason Code 

Metals (mg/kg, wwt) 
Aluminium 
"~"v".",~",v,v."",""""""",.,,,,,.~_,~ 'CM"~V" '''"~''~~'''''''"v'~mw''' 

.~n!.i..'!lgDY~.... . 
Arsenic .............................................................. 
Barium 0.51 
M""~"'·"~'>,,~~~w="" 

~~.~yl!i~~.... 
Cadmium 0.03 
Chromium 0.30 
""~"'~m"~v"~~,,~~·_~WO~_A'''~'''·~~ 

Cobalt ... 0.06 
1.3 

24.6 
0.01 
3.1 

0.006 

0.10 
0.30 

18.2 
mg/kg, WNt - milligram per kilogram, wet weight 

EBOR - East Branch of the Ompompanoosuc River 

COPEC - Chemical of Potential Ecological Concern 

Note 1: The concentrations associated with the COPECs will be compared to fish Critical Body Residue (CBR) values. 

Note 2: See Section 4.4.1 for the fish COPEC selection process. 

* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

(a) Analyte was present above its RL in at least one of the fish samples 

(b) Analyte was not present above its RL in all of the fish samples and the maximum non-detect RL was less than the No Effect Critical Body Residue (CBR) value 

(c) Analyte was not present above its RL in all of the fish samples, but the maximum non-detect RL exceeded the No Effect Critical Body Residue (CBR) value. 

(d) Analyte was not present above its RL in all of the fish samples but no No Effect Critical Body Residue (CBR) value was available. 

Created: RAR 1/7/2008 
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Attachment 4.24 

Selection of Blacknose Dace COPECs for the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Aluminum 

.~I'l!.il!lgI'lY 
Arsenic 

" •..•..................... 
Barium 
~'vm""v~.""w,,~,.'"~. ""A''''v'''~m'''''o~ _ 

1?~I}'II~~I!l.... 
Cadmium 

Chromium 
v.·""'·v"C~'·A'''''''''·~,~ 

Cobalt 

Frequency of 
Detection 

Minimum Maximum 
Detect* Detect 

3.8 16.8 
0.10 
0.30 
1.4 2.4 

0.01 
0.03 0.07 

0.20 0.30 
0.06 0.09 
1.8 3.5 

Maximum Location 

OR-23630M
I······················· 

'''·'''''·''''~,·,·'''''·''''''w'''~o 

OR-23630M ............ ·········OR:=·23200fvf 
OR-23630M Yes 

" ",. """"A_"'"'' '" .,., •.•. " .• ,~, •..." .•. v,""".,~>. 

OR-23200M Yes 
.. ·'mw"""",<,,,.,,,.,,m,·.,,,,«,,,,,,·,,,,,,,,·,.,,·,,,,,,·,,,,,.,, """'"'''''''''' 

OR-23630M Yes 

Reason Code 

28.2 50.8 ...-. -""''''6'R~236-30'M ,,",,"·.·'''m·'''~··'' "'-""'-"'Yes'~""""" 
.......................... .1. ................ ...... .................•.•.•......•.....•.•.. 1·············..,·.....1··..••••· •••• .. ··1 

0.02 0.04 OR-23200M 

~.~I'l~~I'l~~~ 
.M~!g~l}'. 

4.0 6.4 ....................... Q~::? 

.fy1gly~9~1}l:l1!l . 
0.01 0.02 
0.30 

0.10 0.20 
0.30 0.50 
0.03 
0.20 
33.2 41.6 

OR-23630M 

OR-23200M 
OR-23630M 

······OR=23·630rv,.· . 

,~"~--y.--",~,,--,, "".".,."~Y- ..,.,,,,, 

OR-23630M 

Nickel 
""~..~"'.~~.".~,,~~ 
Selenium 
··w_"w_~,~·O"<·~,·~'" 

Thallium 
Vanadium 

mglkg WNt = milligrams per kilogram, wet weight 

EBOR - East Branch of the Ompompanoosuc River 

COPEC - Chemical of Potential Ecological Concern 

Note 1: The concentrations associated with the COPECs will be compared to fish Critical Body Residue (CBR) values. 

Note 2: See Section 4.4.1 for the fish COPEC selection process. 
* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 

(a) Analyte was present above its detection limit in at least one of the fish samples. 

(b) Analyte was not present above its detection limit in all of the fish samples and the maximum non-detect RL was less than the No Effect Critical Body Residue (CBR) value. 

(c) Analyte was not present above its detection limit in all of the fish samples, but the maximum non-detect RL exceeded the No Effect CBR value. 

(d) Analyte was not present above its detection limit in all of the fish samples but no No Effect CBR value was available. 

Created by: RAR 2/8/2008 
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Attachment 4.25 

Summary of Brook Trout and Blacknose Dace COPECs 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


School House Brook The EBOR 
COPEC Brook Trout Blacknose Dace 
Aluminium 

Anti'!!..2Q}'..........~~I~ ......--........ ~...... ~- .. -...~_ .... _...... ·................·I-......··.·..····· ....~··.·~7' •••·· ....... .11. 

Cadmium 

Chromium 

Cobalt 

g2PP~L.. 
Iron 

Lead 

...._......J:!.§ln.~..l3..~.............. 

.~..~~~~E}'................. 
~gly~cj~r1l:l'!!.... .. 
Nickel 
Selenium 

Thallium 
Vanadium 
Zinc 

Brook Trout Blacknose Dace 

" - Chemical was selected as a COPEC 

Created by: RAR 7/17/2008 
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Attachment '4.26 

Selection of Fish (Brook Trout and Blacknose Dace Combined) COPECs for School House Brook 


Baseline Ecological Risk Assessment 

, Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Minimum Maximum 
DetectChemicals Detection Detect* Maximum Location COPEC? Reason Code 

Aluminium 9/ 9 1.3 
"~Y~"~"~""""W~"'"''''~V~''''V'''~''''' 

0.106r::'ti,Il1c:>l'1y ..... 
0.30 
0.30 
0.01 
0.02 
0.30 
0.02 
1.6 

26.6 
Lead 0.01 
~."''''my.o_'.,..." ""~o'~'" ","_,. 

2.6~9n,g9r::',El§El, . 
0.003~ElI9~r)'. 
0.30f\IIgl)'i:>gElD':If!1,..,.. 

Nickel 0.10 0.20 """""l~146%~".'" ..,'·"'i"", .. ·"Y,.,e""s,."''',.,' "I,~~~.J~t"". ",... 
Selenium 0.30 0.50 SB-3125M Yes",."~,j~L,, 
Thallium 
,". ""~"'''~.Vo~' .,~~.",.~,_".,_~"~",,w ". " " 

0.03 '" .....,"",,', ... ,+",." .. "..,N,~o",.",,,, .".ti:>1.... . 
SB-1360M 

Vanadium 2/ 9 0.10 0.10 ."'~'~:~~~'6~' ".",.,...., ~::' """,.J~t,9 9 18.8 40.9 

12.4 
0.40 

2.3 

0,07 
0.50 
0.11 
7.9 

46.9 
1.17 
4.2 

0.02 

SB-3125M 
.. ,.,.. """""S§:'1'3€36K11 .. 

SB-3125M 

SB-1360M 

SB-3125M 


COPEC - Chemical of Potential Ecological Concern 


No~e 1: The concentrations associated with the COPECs will be compared to fish Critical Body Residue (CBR) values, 


Note 2: See Section 4.4,1 for the fish COPEC selection process, 

* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 

(a) Analyte was present above its detection limit in at least one of the fish samples 

(b) Analyte was not present above its detection limit in all of the fish samples. 

Created by: RAR 1/7/2008G:\ALLSHARE\ESATBlo\Ely Mine\BERA\COPCs" EPCs" HQs\Fish\ 
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Attachment 4.27 

Selection of Fish (Brook Trout and Blacknose Dace Combined) COPECs for the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Minimum Maximum Maximum 
Chemicals Detection Detect* flag Detect flag Location COPEC? Reason Code 

Metals (mg/kg, wwt) 
Aluminium 1.28 / 8 16.8 .... .. ....•.I 

0/ 8 0.10~'l!in'12IlY.... ... , ............ 

Arsenic 0/ 8 0.30 ......, ..... ....... .. .... 

Barium 


c·c·" 

8/ 8 0.44 2.4 ...~·,,,.~,,~,,~,,~·~m~'''' . ················1··· 
0/ 8 0.01 

~ 

!?~ry!lil1rl] .... ..... .... . ...•. 
Cadmium 8/ 8 0.01 

I~' ..•.•..~.•..~.•...................... "., ..... 
 ..•... 

Chromium 
~,,~"""'''' "'mw""~"·~'''',~'' _. 

Cobalt 

.ggpp~~ 
Iron 

Nickel 
8/ 8 
7 / 8 0.10 ..• 

Selenium 0.30 
,.. ~", ......

,~.'''''~.''''''''''~''''.''''.,~''''''''. 

Thallium 0/ 8 0.03 
Vanadium 0/ 8 0.20 

,~............. .... ... 
Zinc 8/ 8 16.6 

···········1·· 

mg/kg, wvvt. =milligram per kilogram, wet weight 

EBOR - East Branch of the Ompompanoosuc River 

COPEC - Chemical of Potential Ecological Concern 

Note 1: The concentrations associated with the COPECs will be compared to fish Critical Body Residue (CBR) values. 

Note 2: See Section 4.4.1 for the fish COPEC selection process. 
* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 

(a) Analyte was present above its detection limit in at least one of the fish samples 

(b) Analyte was not present above its detection limit in all of the fish samples. 

Created by: RAR 2/1/2008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIFishl 
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Attachment 4.28 

Summary of Fish (Brook Trout and Blacknose Dace Combined) COPECs 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC School House Brook The EBOR 
Aluminium 

61'ltll!:' ~I'l)' 
Barium 
Cadmium 

Chromium 

Cobalt 

ggpPElr 
Iron 
Lead 

-~:~,~,-, ,~ 

ty1~1l9~l1ese 
~'.'. 

ty1~rEl1ry 
Nickel 
Selenium 
Vanadium 

Zinc 
" - Chemical was selected as a COPEC 

Created by: RAR 7/23/2008 
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100% 

% 
100% 
46% 
91% 
100% 

0% 
0% . ''' ..~" 

41% 
89% 

, "'« 

100% 
'''"' "''1%'' 

9°/~ 
100% 
100% 
0% 
52% 

'1000/0 

(?) 
......... J?t 

Attachment 4.29 

Selection of Surface Water COPECs for Wildlife at School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Concentration 
Frequency of Minimum Maximum Maximum Used for Reason 

Chemicals Detection Detect* Detect Location Screenin COC? Code 
Metals, Total u IL 
Aluminum 39 2000 SB-2940M 2000 

SS-=140iV1' ............ 0.6'1'
0.03 0.67A~tirll()~Y . 
Arsenic 0.09 "SS=2900M 0.190.19
Barium' 9.0 30.0 SS=2940M 30.0 

..E3Elry.I.li.u rTl 
 'S'S=2940M 0.08 

Cadmium 


0.06 0.08 
0.02 1.2 SB=3245M 1.2 

WW"'W"'·""'·""""'.", 

Calcium 7300 47900 ... SS:2940M 1 ;~i~g(L •••••••
Chromium 0.22 4.5 B SB-2860M 4.5 
Cobalt 0.08 25.0 SB-3245M 25.0 

." SS=3245M 1100 
Iron 

6.0 1100g2ee~r 
"'SS-=2940M ·1··················~~20(;13.9 2200 

' •••0 •••••••~w,..".,."v_.«~_.~., .. 

Lead 0.05 16.0 SB-20M 16.0 

.t\t1.?g.~Elf;i lJrll 
 SB=2940M'" 2700700 2700 

-'"0'" .n ••• " •••,w••...,,"'_•. ,' 

0.84 260 SB-3245M 260t\t1?~g?~nElf;e 
W""'" wn"_"'w_,~... " ...... ····0:1'10.13 0.17 SB-35MMElrc;ury 
"SS=540M 0.40 

Nickel 
0.04 0.40M()ly~de~urll 
0.20 12.0 SB-540M 12.0 

. Potassium 'SB:'296GM 3960700 3960 No .,(c;L. 
Selenium 0.50 SS=3100M 8.58.5 Yes . (?). 

······SB~2960M·Silver 0.01 0.67 0.67 Yes ... fa). 
.... SS~54GM"Sodium 840 9900 9900 No ..{c::t

Strontium 51.0 274 SB-2940M 274 Yes ..(elL 
Thallium 25.0 25.0 No ....(~)
Vanadium 0.12 SS=29401v1 2.7 Yes ..fel)

"~SS:3245M 150Zinc J 150 Yes ........... CelL.
, ~ ,_~·~.·,,'''_,,~,_v,.v 

C anide 5.0 No d 
ug/L - micrograms per liter 


COPEC - Chemical of Potential Ecological Concern 


1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.govIRCRIS-region-5/ca/ESL.pdf 


5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 


6. Suter, G.W. and C.L Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. 


Oak Ridge National Laboratory. 


J - estimated value 


B - analy1e is associated with blank contamination 


• - If sample was not detected, value represents the maximum non-detect reporting limit (RL) 


(a) The compound is present above its RL in more than 5% of the samples when number of samples collected was greater than 20 or it was detected at least once 


when the number of samples collected was less than 20. 


(b) The compound is present above its RL in less than 5% of the samples and the number of samples collected exceeds 20. 


(c) The compound is a physiological electroly1e, the analy1e was not selected as a COPEC (USEPA, 2001). 


(d) The compound was not detected in any of the samples. 
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Attachment 4.30 

Selection of Surface Water COPECs for Wildlife at the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Minimum Maximum Maximum Reason 
Detection Detect* fla Detect fla Location COPEC? Code 

Aluminum 

~':l!irn()':l>' .. 
Arsenic 
Barium 
!?~l)'lliLJrn . 
Cadmium
calcium 
<"" ,·w·.o,~<,·."".·,,,,,, •• _·, 

Chromium 
Cobalt 

f<?PE~E 
Iron 

Lead 40% 0.05 

~§gl")~~iLJrt"1 ..... 97% 650 
~§l")g§I:l~~El 100% 6.1 

.~.E3r9LJ.l)' .. 0.12 J 
0.03 

Nickel 51% 
~()IX~cjElIl.lJ.rn.... 

0.12 
I························· 

Potassium 97% 700 
I·········:···:··::····· 

Selenium 6% 2.2 J 
Silver 3% 0.03 
Sodium 97% 2200 
~"'~''''''o , .•.. v_ ...."",_. 

Strontium 55.0 
Thallium 0% 25.0 
Vanadium 40% 0.12 0.91 OR-22450M 

• ,,,_,,,,,.v _.cwc,"'''<~,~'''Vq.~,,~,._~~~~..o~~ 'V"_ 

Zinc 89% 0.65 OR-11850M 
C anide 5.0 
COPEC - Chemical of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

ug/L - micrograms per liter 
* - If sample was not detected, value represents maximum non-detect reporting limit (RL) 

J - estimated value 

(a) The compound is present above its RL in more than 5% of the samples when number of samples collected was greater than 20 or it was detected 

at least once when the number of samples collected was less than 20. 

(b) The compound is present above its RL in less than 5% of the samples and the number of samples collected exceeds 20. 

(c) The compound is a physiological electrolyte, the analyte was not selected as a COPEC (USEPA, 2001). 
(d) The compound was not detected in any of the samples. 
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Attachment 4.31 

Summary of Surface Water COPECs for Wildlife Receptors 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC School House Brook The EBOR 

Barium 

Chromium 
Cobalt 

~gJ>~~~__~__ ~ 
Iron 
Lead 

~.I'.t1§!f'lg.§!I]~~~_~..____. 
1'.t1~~<?l!ry~ __ . ___ _ 
1'.t1<:lI)f.~cll3nu rl1.. 
Nickel:::.:.- ....~............... 

Selenium 
Silver 
Strontium 
Thallium 
Vanadium 
Zinc 
Cyanide 

..J 
~ ..~.~ .. 

..J - Chemical was selected as a COPEC 

Created by: RAR 7/23/2008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsI 

Surface Water COPEC Summary· wildlife~xlsSheet1 1 of 1 Qc'd by: 
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Attachment 4.32: BERA Endpoints and Weight-of-Evidence Documentation 
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1. A stable and 
healthy benthic 
invertebrate 
community 

1.A: Compare COPEC levels in 
sediment samples to conservative 
benchmarks 

L 27 2 2 2 7 1 2 2 3 2 4 

1.B: Compare dissolved COPEC 
levels in pore water samples to 
conservative benchmarks 

L 27 2 2 2 7 1 2 2 3 2 4 

1.C: Measure AVS-SEM to estimate 
metals bioavailability 

L-M 42 4 4 4 7 4 3 2 3 4 7 

1.D: Measure toxicity in H. azteca and 
C. tentans exposed to pore water  

M 56 5 6 6 7 5 6 4 3 6 8 

1.E: Measure toxicity in H. azteca and 
C. tentans exposed to bulk sediment  

M-H 64 6 7 6 7 5 6 5 7 7 8 

1.F: Evaluate the structure and 
function of the benthic invertebrate 
community 

H 82 10 7 9 7 10 7 8 8 8 8 
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Attachment 4.32: BERA Endpoints and Weight-of-Evidence Documentation 
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2. A stable and 
healthy water column 
invertebrate 
community 

2.A: Compare dissolved COPEC 
levels in surface water samples to 
conservative benchmarks 

L 27 2 2 2 7 1 2 2 3 2 4 

2.B: Measure survival and 
reproduction in C. dubia exposed for 7 
days to surface water samples 

M 56 5 6 6 7 5 6 4 3 6 8 

3. A stable and 
healthy fish 
community 

3. A: Compare dissolved COPEC 
levels in surface water samples to 
conservative benchmarks 

L 27 2 2 2 7 1 2 2 3 2 4 

3. B: Evaluate survival and growth in 
juvenile fathead minnows (Pimephales 
promelas) exposed for 7 days to 
surface water samples 

M 56 5 6 6 7 5 6 4 3 6 8 

3. C: Measure COPEC levels in whole 
fish for comparison to CBRs 

M 57 5 4 5 6 8 5 6 8 8 5 

3. D: Evaluate the structure and 
function of the fish community  

H 82 10 7 9 7 10 7 8 8 8 8 
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Attachment 4.32: BERA Endpoints and Weight-of-Evidence Documentation 
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4. Stable and healthy 
amphibian 
populations 

4.A: Compare dissolved COPEC 
levels in surface water samples to 
conservative benchmarks 

L 27 2 2 2 7 1 2 2 3 2 4 

4.B: Evaluate toxicity in juvenile 
fathead minnows (surrogate for 
amphibian embryo-larvae) exposed for 
7 days to surface water samples 

M 53 4 6 6 7 5 4 4 3 6 8 

4.C: Evaluate in-situ survival and 
development of  frog eggs and 
tadpoles 

H 85 8 8 9 8 10 7 7 9 9 3 

5. Stable and healthy 
insectivorous bird 
populations 

5.A: Use food chain modeling to 
calculate the mean and maximum 
daily dose for comparison to TRVs 

L-M 41 4 7 3 5 5 2 4 4 2 5 

6. Stable and healthy 
insectivorous 
mammal populations 

6.A: Use food chain modeling to 
calculate the mean and maximum 
daily dose for comparison to TRVs 

L-M 41 4 7 3 5 5 2 4 4 2 5 
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7. Stable and healthy 
piscivorous bird 
populations 

7.A: Use food chain modeling to 
calculate the mean and maximum 
daily dose for comparison to TRVs 

M 57 7 7 6 7 7 6 4 4 2 7 

8. Stable and healthy 
piscivorous mammal 
populations 

8.A: Use food chain modeling to 
calculate the mean and maximum 
daily dose for comparison to TRVs 

M 57 7 7 6 7 7 6 4 4 2 7 

a The attributes are discussed in Menzie et al. (1996) who provide the following guidance for scoring: 

Biological Linkage: correlation and/or applicability of the measures of effect with respect to assessment endpoint; linkage based on known 

biological processes; similarity of effect; target organ, mechanism of action, and level of ecological organization. 

Correlation of Stressor/Response: ability of the endpoint to demonstrate effects from chronic exposure to stressor and to correlate effects with
 
degree of exposure; susceptibility and magnitude of effects. 

Utility of Measure: applicability, certainty and scientific basis of measure that is used to judge environmental harm; sensitivity of benchmark in
 
detecting environmental harm. 

Quality of Data: extent to which data quality objectives (DQOs) are met. 

Site-Specificity: representativeness of chemical or biological data, environmental media, species, environmental conditions, benchmark (or 

reference), and habitat types that are used in the measure of effect relative to those present at the site. 
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Sensitivity: the percentage of the total possible variability that the endpoint is able to detect; the ability of the measure of effect to detect effects 

from stressor, rather than from natural or design variability or uncertainty. 

Spatial Representativeness: spatial overlap of study area, measurement or sampling locations, locations of stressors, locations or receptors,
 
and points of potential exposure to those receptors. 

Temporal Representativeness: temporal overlap between the measurement period and the period during which chronic effects would likely be 

detected (daily, weekly, seasonally, annually). 

Quantitativeness: results are quantitative/qualitative, subjective/objective, sufficient to test for statistical significance, and extent to which 

biological significance can be evaluated. 

Standard Measure: method availability; ASTM approval, suitability and applicability to endpoint and site; need for modification of method; 

relationship to impact assessment, field survey, toxicity test, benchmark, toxicity quotient, or tissue residue analysis methodologies. 


b The overall score derived for each measure of effect is a qualitative measure of its relative importance in characterizing risk at a given 
assessment endpoint using multiple lines of evidence. The overall score is determined by the a priori assignments for the 10 attributes. The 
scores are defined as follows: Low = 10-30; Low-Medium = 31-45; Medium = 46-60; Medium-High = 61-75; High = 76-100. 

C The numeric scores represent the sum of all individual attribute scores for each measure of effect. 
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SECTION 5.0: EXPOSURE ANALYSIS 

5.1 INTRODUCTION 

The exposure analysis of this BERA estimated the COPEC concentrations to which each of the 
target receptor groups are exposed in the aquatic habitats affected by Site releases.  Those aquatic 
habitats consisted of the following distinct EUs: (1) ponds 2 to 5 located on the east branch of Ely Brook 
(note: the BERA considered each of these ponds as an individual EU for baseline risk characterization, 
whereas the SLERA conservatively combined all of the ponds into one EU for COPEC selection), (2) the 
main stem of Ely Brook between where AMD first enters the stream and its confluence with Schoolhouse 
Brook, (3) Schoolhouse Brook below Ely Brook and the confluence with the EBOR, and (4) the EBOR 
below Schoolhouse Brook. 

COPEC-specific EPCs were obtained for surface water, pore water, sediment, whole fish, and 
Estimated Daily Doses (EDDs) for wildlife receptors. The EPCs used in the risk calculations consisted of 
the following two values:  

•	 A Central Tendency Exposure (CTE) was calculated by taking the arithmetic mean of the 
available analytical data for each COPEC identified in an EU.  The CTE represented an “average” 
exposure experienced by the target receptors feeding or living in an EU. 

•	 A Reasonable Maximum Exposure (RME) was calculated as the smaller of either the 95% Upper 
Confidence Limit (UCL) of the mean or the maximum value of the available analytical data for 
each COPEC identified in an EU.  The RME was an “upper range” of exposure experienced by 
the target receptors feeding or living in an EU.   

The 95%UCL represented the highest value for a sample mean which was statistically 
indistinguishable from the true population mean, at a 95% confidence level (i.e., α = 0.05).  The 
95% UCLs were calculated using the EPA’s ProUCL (version 4.00.02) software.  ProUCL tests 
for normality, lognormality, and gamma distribution of a dataset, selects a conservative 
distribution, and computes a UCL of the unknown population mean.  The Pro UCL outputs are 
summarized in Appendix 14. 

EPCs were also obtained for those same COPECs at each corresponding reference location. 
This step was needed to calculate incremental risk by subtracting “reference” risk from “Site” risk (see 
Section 7.1.1.3 for more details on this topic).  

5.2 CALCULATING THE EPCS FOR DIRECT EXPOSURES BY AQUATIC RECEPTORS 

5.2.1 Sediment EPCs 

Sediment CTE and RME EPCs (mg/kg dw) to assess risk to benthic invertebrates were obtained 
for the four ponds on the east branch of Ely Brook (Attachments 5.1 to 5.4) and pond 1, their upstream 
reference location (Attachment 5.5), the main stem of Ely Brook (Attachment 5.6) and its upstream 
reference location (Attachment 5.7), Schoolhouse Brook (Attachment 5.8) and its upstream reference 
location (Attachment 5.9), and the EBOR (Attachment 5.10) and its upstream reference location 
(Attachment 5.11). 
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5.2.2 Sediment pore water EPCs 

The sediment pore water CTE and RME EPCs (µg/L) to assess risk to benthic invertebrates were 
obtained for the main stem of Ely Brook (Attachment 5.12) and its upstream reference location 
(Attachment 5.13), Schoolhouse Brook (Attachment 5.14) and its upstream reference location 
(Attachment 5.15), and the EBOR (Attachment 5.16) and its upstream reference location (Attachment 
5.17). These values assumed that risk to benthic invertebrates exposed to metals in pore water were 
associated only with the dissolved (i.e., bioavailable) fraction (EPA, 2006).  All of the concentrations used 
in calculating EPCs for the six hardness-dependent COPECs in sediment pore water were first 
normalized to 100 mg/L hardness for direct comparison to their corresponding surface water benchmarks. 

5.2.3 Surface water EPCs 

Surface water CTE and RME EPCs (µg/L) to assess risk to aquatic receptors (i.e., water column 
invertebrates, fish, and amphibians) were obtained for the individual ponds (Attachments 5.18 to 5.21) 
and their upstream reference pond (Attachment 5.22), the main stem of Ely Brook (Attachment 5.23) 
and its upstream reference location (Attachment 5.24), Schoolhouse Brook (Attachment 5.25) and its 
upstream reference location (Attachment 5.26), and the EBOR (Attachment 5.27) and its upstream 
reference location (Attachment 5.28). The EPCs were calculated only for the dissolved (i.e., 
bioavailable) fraction (EPA, 2006).  All the concentrations used in calculating EPCs for the six hardness-
dependent COPECs were first normalized to 100 mg/L hardness for direct comparison to their 
corresponding surface water benchmarks.  

5.3 CALCULATING THE FISH TISSUE EPCS FOR COMPARISON TO CBRS 

CTE and RME EPCs (mg/kg ww) for fish tissues were calculated for Schoolhouse Brook and the 
EBOR, the only two surface water bodies supporting fish.  No fish were present in the ponds or the main 
stem of Ely Brook.  The fish EPCs were separated by individual species for comparison against the 
CBRs. 

Attachments 5.29 and 5.30 provide the EPCs for brook trout and blacknose dace in 
Schoolhouse Brook, whereas Attachments 5.31 and 5.32 provide the EPCs for the same COPECs in 
brook trout and blacknose dace collected at the upstream reference location.  

Attachments 5.33 and 5.34 provide the EPCs for brook trout and blacknose dace in the EBOR, 
whereas Attachment 5.35 provides the EPCs for the same COPECs in blacknose dace collected at the 
upstream reference location (note: no brook trout where collected from the upstream reference location). 

5.4 CALCULATING THE EPCS FOR USE IN WILDLIFE EXPOSURE MODELING 

5.4.1 Surface water EPCs 

Surface water CTE and RME EPCs (µg/L) to assess risk to wildlife receptors were obtained for 
Schoolhouse Brook (Attachment 5.36) and its upstream reference location (Attachment 5.37), and the 
EBOR (Attachment 5.38) and its upstream reference location (Attachment 5.39). 

The CTE and RME EPCs were calculated using the total metals data since the dose for wildlife 
receptors drinking surface water would be associated with this fraction.  The EPCs for the hardness-
dependent COPECs were not adjusted for hardness since this variable would not affect the toxicity of the 
metals after ingestion by wildlife. 
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5.4.2 Fish tissue EPCs 

CTE and RME EPCs (mg/kg ww) for fish tissues to assess risk to wildlife receptors were 
calculated for Schoolhouse Brook and the EBOR, the only two surface water bodies supporting fish.  No 
fish were present in the ponds or the main stem of Ely Brook.  The fish EPCs were combined across the 
two species (i.e., brook trout and blacknose dace) because of the minimal size of the brook trout samples 
collected from Schoolhouse Brook (n = 1) and the EBOR (n = 2).. 

Attachments 5.40 provides the EPCs for brook trout and blacknose dace combined in 
Schoolhouse Brook, whereas Attachments 5.41 provides the EPCs for the same COPECs in the 
combined fish collected from the upstream reference location.  Attachments 5.42 provides the EPCs for 
brook trout and blacknose dace combined in the EBOR, whereas Attachment 5.43 provides the EPCs for 
the same COPECs in blacknose dace collected at the upstream reference location (note: no brook trout 
where collected from the upstream reference location). 

5.4.3 Aquatic invertebrate EPCs 

Samples of aquatic invertebrates were not collected for chemical analyses from Schoolhouse 
Brook or the EBOR.  Yet, three of the four wildlife ROCs were assumed to feed either on aquatic life 
stages of benthic invertebrates (i.e., belted kingfisher) or emergent life stages of aquatic insects (i.e., tree 
swallow and eastern small-footed bat).  The COPEC levels in invertebrates were estimated based on 
generic Biota-to-Sediment Accumulation Factors (BSAFs) to derive EPCs for use in wildlife food chain 
modeling. 

BSAFs estimate how chemicals partition in organisms relative to their concentrations in co
located sediment samples.  Section 3.3 in Appendix R of the Elizabeth Copper Mine BERA (URS, 2006) 
outlined the methods and approaches used to derive metal-specific BSAFs.  Attachment 5.44 
summarizes the BSAFs used for calculating the aquatic invertebrate EPCs. 

5.5 WILDLIFE FOOD CHAIN MODELING TO CALCULATE THE EDDS 

Section 4 outlines the wildlife receptors evaluated in the aquatic portion of the BERA.  These 
receptors are the tree swallow (representing insectivorous birds), the belted kingfisher (representing 
piscivorous birds), the eastern small-footed bat (representing insectivorous mammals and also a listed 
species), and the mink (representing piscivorous mammals). 

5.5.1 General food web structure (based on URS, 2006) 

Simplified food web models were used to calculate CTE and RME EDDs for the selected bird and 
mammal receptor groups by calculating exposure via ingestion of surface water and aquatic prey.  The 
EDDs represent a dose of a COPEC that a receptor may ingest when foraging within a designated EU.  
The EDDs for the wildlife receptors were calculated using (1) EPCs for fish and surface water developed 
for each EU, (2) COPEC-specific BSAFs regression models for benthic invertebrates and emergent 
aquatic insects and (3) receptor-specific exposure parameters and food chain model assumptions.   

The exposure routes considered by the simplified food web model for the wildlife receptors 
consisted of the ingestion of prey and surface water.  The incidental ingestion of sediment was assumed 
to be negligible due to the coarse nature of the substrate in Schoolhouse Brook and the EBOR.  The 
COPEC residues in aquatic invertebrates were estimated by multiplying the sediment concentrations by 
chemical-specific BSAFs.  Other key exposure parameters in the model included receptor body weight, 
food and water ingestion rates, and an estimated area use. 
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The total dose (EDDtotal) experienced by the wildlife ROCs is the sum of the doses obtained from 
the two primary routes of exposure, such that: 

 EDDtotal = EDDdiet + EDDwater 

The dose associated with each exposure route was calculated as follows: 

Dose from feeding on invertebrates: 

EDDdiet = IRdiet X BSAF X Csubstrate X DFi X AUF X BAV/BW 

Where: 
EDDdiet = Dose of COPEC from feeding on benthic or emergent invertebrates 

(mg COPEC/kg body weight [BW]/day) 
IRdiet = ingestion rate of food (kg food/day, ww [wet weight]) 
BSAF = biota-sediment accumulation factor (unitless; specific to prey type and 

COPEC) 
Csubstrate = CTE or RME COPEC level in the substrate (mg COPEC/kg substrate, 

dw [dry weight]) 
DFi = dietary fraction of food item I (unitless; proportion of food type in diet) 
AUF = area use factor (unitless; receptor specific) 
BAV  = bioavailability adjustment factor (unitless; COPEC specific) 
BW = body weight of the receptor (kg, ww) 

Dose from feeding on fish: 

EDDdiet = IRdiet X Cfish X DFi X AUF X BAV/BW 

Where: 
EDDdiet = Dose of COPEC from feeding on fish (mg COPEC/kg BW/day) 
IRdiet = ingestion rate of food (kg food/day, ww) 
Cfish = CTE or RME COPEC level in whole fish (mg COPEC/kg fish, ww) 
DFi = dietary fraction of food item I (unitless; proportion of food type in diet) 
AUF = area use factor (unitless; receptor specific) 
BAV  = bioavailability adjustment factor (unitless; COPEC specific) 
BW = body weight of the receptor (kg, ww) 

Dose from ingesting water: 

EDDwater = IRwater X Cwater X AUF/BW 

Where: 
EDDwater = Dose of COPEC obtained from surface water (mg COPEC/kg BW/day) 
IRwater = ingestion rate of surface water (L of water/day) 
Cwater = CTE or RME COPEC level in surface water (mg COPEC/L water) 
AUF = area use factor (unitless; receptor specific) 
BW = body weight of the receptor (kg, ww) 
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5.5.2 Exposure parameters 

Attachment 5.45 provides the species-specific exposure parameters used for calculating the 
EDDs for the four wildlife ROCs.  The following assumptions were made: 

•	 The AUF for three of the four wildlife ROCs equaled 1.0, meaning that the entire EDD was derived 
from within each EU (the on-site ponds, Schoolhouse Brook, and the EBOR, respectively).  The tree 
swallow is an exception, with an assumed AUF equal to 0.75 for each EU, based on a consensus 
reached for the Elizabeth Copper Mine BERA (see section 3.6, Appendix R, in URS, 2006). 

•	 None of the wildlife ROCs was exposed to COPECs via the incidental ingestion of sediment while 
foraging in, along, or above the water ways affected by the Site. 

5.5.3 Dry weight (dw) to wet weight (ww) conversion 

Sediment-to-invertebrate accumulation rates (see Attachment 5.44) are expressed in dw.  
However, the fish tissue residue data are expressed in ww.  It was decided to use ww in all of the 
calculations to avoid confusion with the units. 

The estimated food ingestion rates for the four wildlife ROCs were converted from dw (calculated 
using the equations developed by Nagy, 2001, see Attachment 5.45) to ww by assuming that fish and 
emergent insects have a water content equal to 80% and 75%, respectively.  The average water content 
of whole fish was obtained from Kannan et al. (1998).  The average water content of invertebrates was 
derived from literature data summarized in Attachment 5.46. This attachment shows that the average 
water content in aquatic invertebrates (78.3%) was higher than that in terrestrial invertebrates (68.9%).  
The SCM assumes that eastern small-footed bats and tree swallow feed only on emergent aquatic 
insects.  It was therefore decided to calculate the arithmetic mean of these two values (73.6%) and round 
the result to 75% to obtain a reasonable estimate of the water content in recently emerged terrestrial 
insects. 

5.5.4 Bioavailability adjustment factors 

BAVs provide an estimate of the fraction of the daily intake of COPECs in prey items which is 
biologically available to wildlife ROCs.  The derivation of BAVs is outlined in the Elizabeth Copper Mine 
BERA in Section 3.5 in Appendix R, Sections 1.0 and 2.0 in Appendix S, and Section 5.1.2 in the main 
body of the text (URS, 2006).  Attachment 5.47 summarizes these BAVs which were used in the BERA.  

5.5.5 Wildlife receptor EDDs 

Tree swallow 

Attachment 5.48 provides the RME and CTE EDDtotal for tree swallows feeding in Schoolhouse 
Brook, whereas Attachment 5.49 provides the RME and CTE EDDtotal for the same wildlife receptors 
feeding at the upstream reference location.  

Attachment 5.50 provides the RME and CTE EDDtotal for tree swallows feeding in the EBOR, 
whereas Attachment 5.51 provides the RME and CTE EDDtotal for the same wildlife receptors feeding at 
the upstream reference location. 
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Eastern small-footed bat 

Attachment 5.52 provides the RME and CTE EDDtotal for eastern small-footed bats feeding in 
Schoolhouse Brook, whereas Attachment 5.53 provides the RME and CTE EDDtotal for the same wildlife 
receptors feeding at the upstream reference location.  

Attachment 5.54 provides the RME and CTE EDDtotal for eastern small-footed bats feeding in the 
EBOR, whereas Attachment 5.55 provides the RME and CTE EDDtotal for the same wildlife receptors 
feeding at the upstream reference location. 

Belted kingfisher 

Attachment 5.56 provides the RME and CTE EDDtotal for belted kingfishers feeding in 
Schoolhouse Brook, whereas Attachment 5.57 provides the RME and CTE EDDtotal for the same wildlife 
receptors feeding at the upstream reference location.  

Attachment 5.58 provides the RME and CTE EDDtotal for belted kingfishers feeding in the EBOR, 
whereas Attachment 5.59 provides the RME and CTE EDDtotal for the same wildlife receptors feeding at 
the upstream reference location. 

Mink 

Attachment 5.60 provides the RME and CTE EDDtotal for mink feeding in Schoolhouse Brook, 
whereas Attachment 5.61 provides the RME and CTE EDDtotal for the same wildlife receptors feeding at 
the upstream reference location.  

Attachment 5.62 provides the RME and CTE EDDtotal for mink feeding in the EBOR, whereas 
Attachment 5.63 provides the RME and CTE EDDtotal for the same wildlife receptors feeding at the 
upstream reference location. 
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Attachment 5.1 

Exposure Point Concentrations for Sediment COPECs in Pond 2 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT· 


Frequency of 
Detection 

Arithmetic 
Mean 

Maximum Detect 95% UCL 
of mean 

Ex osure Point Concentration 
Reasonable Central 
Maximum 
Ex osure 

Tendency 
osure 

Barium 

E3e:Eyll~~111. ..... 
Cadmium 
~_._.W'/" ~w~,,~w_~v 0' 

Chromium 
ggpp~r. 

~~D9.§!1]~.~~ 
.fI:t1gIY~c:I~r1~1'rl 
Nickel· 
Selenium 
Silver 
Strontium 
Vanadium 
Zinc 

. 

I 1 321 
1.8 
1 
130 
87.6 
769 
2.6 

45.4 
1.1 

0.50 
165 
148 
131 

321 
1.8 
1.3 
130 
87.6 
769 
2.6 

45.4 
1.1 

0.50 
165 
148 
131 

mglkg, OW = milligrams per kilogram, Dry Weight 

COPECs - Chemicals of Potential Ecological Concern 
* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

95% UCL - 95% Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size 

Created by: RAR 2/5/2008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIPondsl 

Pond 2 SO CPCs and EPCs.xlsFinal EPCs Final 1 of 1 QC'd by EK 217/2008 



Attachment 5.2 

Exposure Point Concentrations for Sediment COPECs in Pond 3 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 

COPECs 
Metals (mg/kg, OW) 
Barium 

'-'"""",",",M" '""~,,c> ~ .".".,~".,,". 

Frequency of 
Detection 

1 I 1 
1 I 1 

Maximum Detect 
Arithmetic Mean (qualifier)* 

377 377 
1.6 1.6 

95% UCL 
of mean 

NC 

Reasonable 
Maximum 
Exposure 

377 
1.6I:3,E:lryllil:l~~ """"'"""""""1,, '''''''''''',c"'' ."~"",,,,,,,,,,,'"'~ I~ "~""",, " t'J~~"~ ~ 

Cadmium 
Chromium 
"~,,,,,.,.-.",,,,,~.>...,,,., ....  , 

g.~PE~E"
Lead 

Selenium 

se 

§iIY~Ew,~",""""
Strontium 

1 I 1 
1 I 1 
1 I 1 
11 1 
1 / 1 
1 / 1 
1 / 1 
1 I 1 
01 1 
1 I 1 

J.2
I 

85.0 
81.7 
43.7 
3130 

,?:? 
38.6 
1.4 

0.50 
134 

"''','''''' 

Vanadium 
Zinc 

1 I 
1 I 

1 
1 

125 
127 

1.2 
"'"' ~o ~~ w""~ , " "',.,,' 'A'" •••" •• ,~•• " ,···.··""'··MVV····,,· . 

85.0 
81.7 

'''''''''''' 

43.7 
3130 
2.2 

'"'''' 

38.6 
"~,,,," 

) 1.4 
""""W~'" 

0.50 
134 

""'-"" 

125 
"""""""" 

127 

NC 1.2 
. ,·.,·""·.·"""~"v~~,',,~""" '"'''''''' 

NC 85.0 
•••" ·,,""""'''~'~~'>'~~''''W .,,~,,_, 

NC 81.7 
43.7 
3130 

NC 2.2 
NC 38.6 

,-".,.,,~.~~"'-"""'''~.'''''' 

NC 1.4 
vo''''''N ,.",.",,,,,, !""'"'''''' 

NC 0.50 
,.,.,.. ,.,,,,.,,,,,,,.,.,,,,,,,,,,,,,~,,.,, , I'"~""'''''' 

NC 134 ...... 

NC 125 
"y,,"o,"~ ,,~.~~.""wr"~.~"'" I'""" 

127NC 

Central Tendency 
Exposure 

377 
1.6 
1.2 

85.0 
81.7 
43.7 
3130 
2.2 

h_ ,~__ ""'r_V_"VW"'~~'~~w,~~"'"~"~'" 

38.6 
1.4 

0.50 
134 
125 
127 

mglkg, DW = milligrams per kilogram, Dry Weight 

COPECs - 'Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

NC - Not calculated because of small sample size 

Created by: RAR 2/5/2008G:IALLSHARE\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Ponds\ 
, Pond 3 SD CPCs and EPCs.xlsFinal EPCs Final . 1 of 1 aC'd by: EK 2/20/2008 



Attachment 5.3 

Exposure Point Concentrations Sediment COPECs in Pond 4 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 
Reasonable 

Arithmetic Maximum Detect 95% UCL of Maximum Central Tendency 
COPECs Frequency of De~ection Mean (qualifier)* mean Exposure Exposure 

Metals (mg/kg, OW) 
Barium 
'~A'W'~'~·'","~·"~"_'~N~'__ "'~"'"__" , . 

~5~~1)I1!iljr:!l ........ 
Cadmium 

Selenium 
Silver 
Strontium 
Thallium 
Vanadium 
Zinc 
mg/kg, DW = milligrams per kilogram, Dry Weight 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

J - estimated value 

NC - Not calculated because of small sample size 

• - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

Created by: RAR 4/2/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIPondsl 
Pond 4 SO CPCs and EPCs.xlsFinal EPCs Final 1 of 1 QC'd by: EK 4/7/2008 



Attachment 5.4 

Exposure Point Concentrations for Sediment COPECs in Pond 5 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 
Reasonable 

Frequency of Arithmetic Maximum Detect 95% UCL Maximum Central Tendency 
Detection Mean of mean Ex osure Ex osure 

Barium 1 / 296 296 
wm"'''''~~·'~h'''__'·'· __' __ ~''_·''' "__~ 

1.61.6~~~l)'lli~r:IJ ......... . 

Cadmium 4.0 4.0 
Chromium 
"",,,~.~,,,,_,,o,,v._~~w~·<~,,,~.,,,,,,~ . 

Cobalt 

~Q2ER~E~ 
M9,IJJJ~~IJ~~~ ..~... 
~.2IX~9~IJL,lr:IJ~....... 
Nickel 
Selenium 

1.6 1.6 NC 1.6 1 
'~"~··"~,A·'~~_"~·~_,,,,v .. """""."" "'~'~"'"''-'~''~''''''''' • 

79.0 79.0 NC 79.0 79.0"._u_ """n,v,',_,,vm.. ..,~ •.~V" • ~~,". """"." ••,,"Wo'" .~".".~~.~~•.""",,~•• 

507 507 NC 507 507 
mglkg, DW = milligrams per kilogram, Dry Weight 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

• - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

NC - Not calculated because of small sample size 

Created by: RAR 2/5/2008G:\ALLSHARElESATBlo\Ely Mine\BERA\GOPGs - EPGs - HQs\Ponds\ 
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Attachment 5.5 

Exposure Point Concentrations for Sediment COPECs in the Upstream Reference Pond (Pond 1) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 

COPECs 
Metals, Total (mg/kg, OW) 
Barium 
"·'·~"'v"'·Aw"~v"".w~'w 

.1?~'1lli~r1} 
Cadmium 
Chromium 
_v'·v"~'_~·wp"e·v~'w~~~«"< 

Cobalt 

g~pP~!~~ 
Lead 

~~~~~~~~~~.~.....~ .•....•.•...•.• 

Selenium 

~~iIY~L~~~ .~ 
Strontium 

Iil~~~~ 
Vanadium 
Zinc 

Frequency of 
Detection 

Maximum Detect 95% UCLof 
Arithmetic Mean (qualifier)* mean 

Reasonable 
Maximum 
Exposure 

Central Tendency 
Exposure 

mglkg, OW =milligrams per kilogram dry weight 

Note: The metals shown in this Attachment are those identified as sediment COPECs in Ponds 2, 3, 4, and 5. Thallium was not analyzed for in Pond 1. 

COPECs - Chemicals of Potential Ecological Concern 

J - estimated value 

* - Value represents one half of the maximum non-detect reporting limit (RLJ, if chemical was not detected. 


95% UCL - 95% Upper Confidence Limit of mean concentration 


NC - Not calculated because of small sample size. 


Created by: RAR 4/2/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIReference\ 


Pond 1 SD CPCs and EPCs.xlsFinai EPCs Final 1 of 1 QC'd by: EK 4/7/2008 




Attachment 5.6 

Exposure Point Concentrations for Sediment COPECs in the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 
Reasonable 

95% UCL of mean1 

Frequency of Maximum Detect Maximum Central Tendency 
Arithmetic Mean UCL95 methodValue' Distribution Ex osure Ex osure 

66.0 236 
0.62 2.0 
1.5 3.2 J 

32.8 83.0 
21.5 140 ..... 
3101 6600 

125288 400000 
29.3 174 
298 2080 
10.9 26.0 

35.09.5 
28.5 44.0 
3.2 13.0 J 

88.0 123 
5.3 3.3 J 

61.0 112 
110 410 

Detection 
Metals 
Barium 
,~.,.'v""·"'~·"v~c_~"'~'''''·, 

~!?I)'II!lJ'!! 
Cadmium 

v"" ~''>V_~~'''''''''M~'' 

Chromium 
,,,.,.,,,,, ... , ,,·Wy~"""·~,~v"w'" 

Cobalt 
c,~''''''''''''''·,,»'''''·''A ~, 

.g()EP~~ ... 
Iron 
Lead 

.ry1..~r:!9~.r:!~~.E'l. ... 
ry1().I:t~<:l~nlJ.'!!.......... 
Nickel 
Selenium 
Y·A".··m<~''''''_~~~_'~~'''~_'_w· . 

Silver 
Strontium 

115 
NC 

40.0 
NC 

G 3.2 
83.0 

V~ ,,< _ ,_v,. ,~, 'c' •.~ , , , •• ,., ~,.""vV""V'~"V' .,.",_"~~.,,. 

....1.........•...•• 1 ................. .......... f~~o~o.f~~~yl:>b~~.... 45.6Np 

40.2 
1249 
12.7 
14.9 
31.8 
3.9 
NC 
NC 

69.6 

3.9 

132 

~~!~~~pr()'SQ9'!!'!!9 .....}873 
95% Approx Gamma 141841 

123 

"_,,~..•"V'V'" • """"._"'''O.,''A"''".. ,,, v 

LN 
......................I ..~~!~.~epr()?S.Q9.'!!'!!.~....I.. ..........6....9.......6....................+..................................~...............1 

95% Modified-t 132 
mg/kg. DW = milligram per kilogram. Dry Weight 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

NC - Not calculated because of small sample size 

Qualifier Definitions: 

J - estimated value 

Distribution 

NC -Not Calculated because of the small number of detects 

NP- non parametric 

G- gamma 

LN- lognormal 

N- normal 

Created by: EK 4/29/2008G:\ALLSHARE\ESATBlo\Ely Mine\BERA\COPCs • EPCs • HQs\Ely\ 


Ely SO CPCs and EPCs~EK.xlsFinal EPCs Final 1 of 1 QC'd: RAR 5/01/2008 




Attachment 5.7 

Exposure Point Concentrations for Sediment COPECs in the Upstream Reference Section of the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 

95% UCL of mean Reasonable 
Frequency of Maximum Detect 

Detection Arithmetic Mean Value Distribution 
Metals 
Barium 

M'~"~'W ',,"'m ",,"y,. '""c'-"___",, .,_,~ • __ ,. ,,,.,,,, _''''"'~H'''" 
13 / 13 
3 3 
6 13 

13 / 13 

§~l}'lliL,!D}" . 
Cadmium 

""·~WN",·~""_~'m~,,, '"'' . _ 

Chromium 
_~"'~_",~""···,_.w,,_,,w·_,,_,~,_~ ." 

Cobalt 
QQ.pp~rw 
Iron 

13 
13 
11 

13 13 
•• v w .,. "'."..~vw_v "'V"~""A" v_.w,~""". v 

11 / 13 

~C;~·······""········"·"···"·"·······I··········· 

o / 13 
3 /3 
o 10 

106 

+ ...... " 0.74 
0.75 
38.5 

789 
0.87 
22.8 

255 
1.6 

0.83 
• v."",," '" .""'w._~o'v,,_ , 

66.0 
25.0 
1230 

29000 
.24.8 
2200 
3.9 

44.0 

2.1 
133 
27.5 

159 
NC 
NC 

wo··_,_'_w"·",,,·wwm % ••,""_' •.,,"._ 

G 

46.8 N 
17.3 
693 

21035 
14.0 

A_"YO'_A~ _'V«V~""''''_ 

1667 
2.4 

27.1 
2.4 
NC 
NC 
NC 

0.96 
120 
5.8 

44.1 
__"" __ 0' _"'_'~A·"""" •••••••• "0 ••• "'_._ ."".0 _"._~",~"", 

13 13
··12/13···· 66.8 

96.0 
139 

58.8 G 
85.4 

Method 
Maximum 
Ex osure 

~?°l.'o.~pPE(»)(9§rn...m....a....+........".... "1..5...9,......"............. 
1.6 

_••"m, ""'M." _0 ~,u..__.__A. 

0.83 
, ·,_·_'''''"n~''.v.<,~''''~''"'' __ ,~.,~,,_.,v. 

95% Student's-t 46.8 

Central Tendency 
Ex osure 

106 
""""'''''~''''_,~,,_=''''~~'''~_N 

0.74 
'''''VO"''''«''''''''''',,,,,,w,,,,,'',,,,'''''' 

0.75 
"V"""'''''''"''''''''''''''~''''''''''''V~V.'''·A'''VV·'·,vv,·",/·/,_· , 

38.5 
'"-'''''''''''W''''',,"''',"',"~''","''' 

14.4 
''''''''''~''-'-'''''''''''''~''A~'''/ _ 

343 
16973 

66.8 
Note: The metals shown in this Attachment are those identified as sediment COPECs in the main stem of Ely Brook. 

mglkg, DW =milligram per kilogram Dry Weight 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 
* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL) 

NC - Not calculated because of the small number of detects 

Distribution 

NP - non parametric 

G -gamma 

N - normal 

Created by: RAR 3/26/08G:IALLSHAREIESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Reference\ 

Ref-Ely SO.xlsFinal EPCs Final 1 of 1 aC'd: EK 4/30/2008 




Attachment 5.8 

Exposure Point Concentrations for Sediment COPECs in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of 
Detection 

7 34 
< •• , <··"_·w_w~"",,,·,,· 

34/34 
34 34 
34 34, .............. + ........,...... 
34/34 

Arithmetic Mean 

2.0 

0.56 
19.8 
1 

"w,"_'""'''''''''''''''_''~' 

300 . ,~ ~-,,~,,-~,~,.,,~--, 

442 
1.2 

95% UCL of mean 1 

Maximum 
Detect 

Value Distribution 

2.8 
" ," w,,' '" ""'_~'W">'V"_V , "'''m'',,,'~'.'W"''''"'''''' 

106 
"'" ",,0,. v"_,,,".,,,.v~.,,, 

1.6 
'" .• "V""'" • W _A""' , <. _w",~'~m'" 

23.3 
24.7 

""" , • v. v "" v_v"w~,.w,""~y~ 

489 

Method 

29 
29/33

"',,.,__y._._.'''',.w,,''~."V.••''~M''''·' " 

6 / 6 
9.8 ..................... ::::..:.:............ ..I··,··.. ·.,............. 
228 212 N 

NP 
G 

34 35 
34 

62.0 
130 

34.3 
•. "_' "'"' ~~""·"w",, 

J 64.3 

Exposure Point Concentration 

Reasonable 
Maximum 
Ex osure 

Central Tendency 
Ex osure 

Zinc 
mg/kg, DW - milligrams per kilogram, Dry Weight 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

J - estimated value 

1-Statistics were performed using Pro UCL software version 4.0.02 

Distribution 

NP - non parametric 

G -gamma 

LN - lognormal 

N - normal 

Created by: EK 3/12108G:\AllSHAREIESATBIOlEly MinelBERAICOPCs - EPCs - HQsISchool House Brookl 
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Attachment 5.9 

Exposure Point Concentrations for Sediment COPECs in the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals 

Barium 
,~"",'.....,.,-,..,,,.... , .

.1?~.l}'lIi.LJ.r11........ 
Chromium 
.v~vwmw""••w'"~~_~ _"~m~"_'~"~' .. ,_" 

Cobalt 

g()f>p~r ...... . 
~~r1g~rl~§~ ... . 
.~g.l:t~cj.~.rl.LJ.!!.l ..... . 
Selenium 
Strontium 
Vanadium 
Zinc 

Frequency of 
Detection 

8 I 12 
11 I 11 

Arithmetic 
Mean 

2.2 
64.7 
0.60 
23.1 ....... •~.:....... : .... : ....:..................... ·..1·············..•······.. ·· 
5.0 

11 I 11 
11 

10.5 
442 
0.55 

230 
21.5 

--"--'''~'-'''''~~-'~, -, 

28.8 

Maximum Detect 

3.0 
207 
2.0 

88.0 
8.4 

24.0 
1130 
0.28 
0.30 
257 
53.0 
72.0 

Value 

___ .' w __ ·~~··,_, _."____ 

NC 
148 
NC 
52.0 

,v,v." "'_,."v_.w,~v"w,· 

J 

6.0 
14.6 
599 
NC 
NC 
NC 

29.7 
40.1 

95% UCL of mean Ex osure Point Concentration 

Distribution Method 

NP 
~~,.,,," . --~ -_. 

.~.~~~g!J~!>.¥~h~:!. 

Reasonable 
Maximum 
Ex osure 

3.0 
148 

95% Student's-t 6.0 ...............:::: ....................... ·1·· .. ....... ...................................... ........•.......................... 

~~o,ro~pprg)(g~r11!!.l~. .............. J~:6 
~~o,r().~f>pr())(.g~.r11.r11~... .... .....~~~. 

Central Tendency 
Exosure 

2.2 

442 

........Q:~~ .............+..................=..::=.:=......···:·····...... 1 
1 .........•.....................................+ ........................................................ I .............. 2.:30 

257
.......•......... ························1························::::···:····::································1 

....... .... ..,~.!::i<>J,o.~f>I?E().)(.g<3:r11.!!.l~..+.. ..........;;;2•..9;;;..•:.7::................ ..j ............................ ::::." .•:.:...••...•..••........•.•••..j 

95% Gamma 
Note: The metals shown in this Attachment are those identified as sediment COPECs in the impacted section of School House Brook. 

mg/kg. DW - milligrams per kilogram. Dry Weight 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

* - If sample was not detected. value repre·sents one half of the maximum non-detect reporting limit (RL) 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

J - estimated value 

NC - Not calculated because of the small number of detects. 

Distribution 

NP - Non parametric 

G-Gamma 

Created by: RAR 4/21/2008 
Ref·SD·School House.xlsFlnal EPCs Final 1 Df 1 aC'd by; EK 5/112008 
G,\ALLSHAREIESATBlo\Ely MineIBERAICOPCs· EPCs· HQsIReferencel 



Attachment 5.10 

Exposure Point Concentrations for Sediment COPECs in the EBOR 


Baseline Ecological RJsk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of 
Detection 

n"n""·n·""·",,n·nn.n"·n / ...•..•.•• """.",.",,,.,.., ... ,, ..,,,,, 

Arithmetic 
Mean 

46.3 

76.3 
355 
0.92 

..:".:.n•.n •• n .I., ..n." 1.6 
0.72 
193 

43.6 

Maximum 
Detect 

195 
1.8 

~ _ '~O'''~'<_O/~'OC7"_"~''''~ _, 

260 
1120 

Value 

1 
475 
r'fc" 
NC 
NC 
NC 

"",, O'~'~"Y~O~~·~~~"·~C" 

NC 
58.7 

95% UCL of mean 1 

Distribution Method 

NP 95% Cheb shev I·,··,·.. ,·,,·,n 

95% A rox. Gamma 

Ex osure Point Concentration 
Reasonable Central 
Maximum Tendency 
Ex osure Ex osure 

90.0 
1.8 
127 

" 'W'WA7m,"~_~W">'7~7___Awmn~ ~~'~'~"~""'~'='~~'~~=~""'~'~=~"'m~'''"", 

475 

mglkg, DW - milligrams per kilogram, Dry Weight 

EBOR - East Branch of the Ompompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

*- If sample was not detected, value represents one half of the maximum non-detect Reporting Limit (RL). 

95% UCL - Upper Confidence Limit of mean concentration 

1 - Statistics were performed using Pro UCL Software version 4.0.02. 

NC -Not Calculated because of the small number of detects or small sample size. 

Qualifier Definitions: 

J =estimated value 

Distribution 

NP - non parametric 

G -gamma 

LN - lognormal 

N - normal 

G:\ALLSHARE\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Ompom River\ Created by:EK 3/13/08 

Ompom SD CPCs and EPCs.xlsFinal EPCs Final 1 of 1 QC'd by:RAR 3/22108 




Attachment 5.11 

Exposure Point Concentrations for Sediment COPECs in the Upstream Reference Section of the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals 
Detection Mean 

79.4 
0.75 

278 
0.16 
1.8 

0.76 
198 
9.1 
22.2 

Ex osure Point Concentration 
Maximum Reasonable Central 

Frequency of Maximum TendencyArithmetic Detect 
95% UCL of mean Ex osure Ex osure 

187 NC 
1.6 
4.5 NC 

475 
 NC 
0.16 
5.0 NC 

0.28 J NC 

198 
 NC 198 198 

, ,. ""V"" """"W_'W",,,,,,,,,"W • 

NC 17.517.5 
,y~~"»,,.,'v~n·c /,, '" I""",,,, ,., .,. '.•,."'.•, •..•• " •••.,., •.••••,.,",',.,"'''"., 

NC 33.033.0 

0.16 
1 

• ~...• , ... ___~ ~~·<"."v,~ "'"' o".•o.~,_",,","'~~""'"'" 

0.76 

Note: The metals shown in this Attachment are those identified as sediment COPECs in the impacted section of the EBOR 

mg/kg, OW - milligrams per kilogram, dry weight 

EBOR - East Branch of the Ompompanoosuc River 

COPECs , Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

J = estimated value 

*= If sample was not detected, value represents one half of the maximum non-detect Reporting Limit (RL) 

NC -Not Calculated because of the small sample size. 

Created by:RAR 4/18/2008G:IALLSHAREIESATBIOIEly MineIBERAICOPCs· EPCs· HQsIReferencel 
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Attachment 5.12 

Exposure Point Concentrations for Pore Water COPECs in the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 

COPECs 
Metals, Dissolved 
Aluminum 

nic 

J?~ryllilJr:!l~, .... 
Cadmium 
W'~<~~A' ,~,",'A<~"ch ''''~A'' """ v , 

Cobalt 
:~2PP.~Y:.::~ •••••••·.•••.••··· 
M.~I]~g<:ln€:l~€:l .... 
.M.€:li<::lJrY,~ . 
Strontium 
Zinc 

Frequency of 
Detection 

Maximum Detect 95% UCL 
Arithmetic Mean of mean 

95.1 
100 
5.0 

0.45 

97.5 
31.6 

456 NC 

2.0 NC 
,~"_'~A"~_~,"~'y,,,' 

95.0 NC 
"T~n .... ···'f\JC·" 

6590 . 
2.5 
212 
126 

Reasonable 
Maximum 
Ex osure 

456 
100 

Central Tendency 
Ex osure 

95.1 
1 
5.0 

'" ._" '" , '~"""~""'''''>'''''A'''''''~''~' 

0.45 
32.5 

1782 
2.5 
97.5 

.6 
ug/L =micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of the small sample size. 

* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL). 

Created by: RAR 6/5/2008 G:\ALLSHARElESATBIOIEly MinelBERAICOPCs - EPCs - HQsIElyl 
Ely PW - CPCs and EPCs.xlsAquatic EPCs Final 1 of 1 aC'd by: EK 6/12/2008 



Attachment 5.13 

Exposure Point Concentrations for Pore Water COPECs in the Upstream Reference Section of the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 

Maximum Reasonable 
Frequency of Detect 95% UCL of Maximum Central Tendency 

Detection Arithmetic Mean mean Ex osure Ex osure 
Metals, Dissolved 
Aluminum 35.1 
~. "","".~,_._.,"""" .~,~ w 

Arsenic 100 
5.0 

Cadmium 
§~I}'I!i~~ 

2.2 
Cobalt 2.0 

~'>_.~mv_., "",,~. ~.,.o/_.,_,,_._. __ "" __ 

3.6gg[:>PE:1E" 
1019"~~l]g~~E:1~e,~""..... 

_iYlE:1E.9':lry . 2.5 
Strontium 133 
Zinc 5.6 

88.8 NC 88.8 35.1 
100 NC 100 100 
5.0 5.0 5.0 

0.73 NC 0.73 2.2 
0.55 NC 0.55 2.0 
6.2 NC 6.2 3.6 

"'",~, vv V" "'~"'_"e<" 

3000 NC 3000 1019 
,,,,,,c,,,,,,,,_,,,,v.'~W_",W' 

2.5 NC 
v ,_", •• ,,,__.. ,,~,,,,v,~,,,,_.·., 

258 NC 258 133 
NC 12.8 5.6 

Note 1: the metals shown in this Attachment are those identified as pore water COPECS in the impacted section of the main stem of Ely Brook. 

Note 2: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

ug/L = micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of a small sample size. 
* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL) 

Created by: RAR 6/5/2008G:\ALLSHAREIESATBlo\Ely Mine\BERAICOPCs - EPCs - HQsIReference\ 
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Attachment 5.14 

Exposure Point Concentrations for Pore Water COPECs in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 

COPECs 
Metals, Dissolved 
Aluminum 

A·"""W.VWA~'~""~"'W 

Arsenic 
'''''.-,..•.''' .."•.. .,~,~«~--••"''." 

.~~I}'II.i':JD] ... 
Cadmium 
."WA.A""'~A./A."~~.WA w 

g()pp~r 
tI:1~t:1g9t:1~?~. 
Selenium 
A,y,,·~~,,~y"""."'.~.•"" •• 

Thallium 

Frequency of 
Detection 

9 9 
9 9 
8 9 
7 9 
2 9 

Maximum 
Arithmetic Detect 

Mean 

44.0 202 
.~,,,.,,,, "'V "''''''''~'''~~'W~~''''''~ 

100 100 
5.0 5.0 

0.11 0.30 
8.8 25.0 
589 2030 
4.3 
266 
19.1 

95% UCL Reasonable 
of the Maximum 
Mean Ex osure 

202 
100 
5.0 

0.30 
25.0 

''''''CA~ 'V'~"'''~=~>~''~'''~~'''m 

2030 
_,_ • ~.",'A",··~WW~"W·_ 

7.4 
470 
149 

Central Tendency 
Ex osure 

1 
8.8 
589 
4.3 

19.1 
ug/L = micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration 

* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL) 

NC - Not calculated because of small sample size. 

Created by: RAR 6/6/2008 
School PW • CPCs and EPCs.xlsAquatic Final EPC 1 Of 1 QC'd by: EK 6/12/2008 
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Attachment 5.15 

Exposure Point Concentrations for Pore Water COPECs in the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 

Maximum Reasonable 
Frequency of Arithmetic Detect 95% UCLof Maximum Central Tendency 

COPECs Detection Mean (qualifier)* the Mean Exposure Exposure 
Metals, Dissolved (ug/L) 
Aluminum 3 1 3 40.1 98.0 NC 98.0 40.1 
Arsenic 

'"'''' '''''''''''''''' 

01 3 100 
"'''''' 

100 _~r~NC- 100 100 
~.~.<~~",,,"~,.,~,,,...<., •. """ ,," """"" 

,,~E?~yl!i~r.!l ". 01 3 5.0 5.0 NC 5.0 5.0 
·~u ~,~"wu ''''W'W'''U'W'' _, 

Cadmium 21 5 0.84 0.02 .",."..... Ng: 0.02 0.84 
W·'"'·Y' 

r.nnnAI 21 5 1.9 0.58 " 0.58 1.9 
"'''~<'''' . '''''''". " 

.~.9.1"l9,,9..I),~,~~. . 3 1 3 1336 4000 NC 4000 1336 
,······,1 "" ~ y> 'u' ."v_,~~O>U'~Y v_~.~,.,v'<.,,~ 

Selenium 01 3 0.50 0.50 NC 0.50 0.50 
~"""~~""~w,,~ ""~~"v.~",.""". ~""''', "",·',.,","'"y.,,,.,.,,v.»,,·, ., ",.".....,....., 

Thallium 1 1 3 0.10 0.20 ·······'·NC·· 0.20 0.10 
Zinc 

I·· 
3 I 5 1.4 

.+ 
2.2 

..... ········NC·· 2.2 1.4 
Note 1: the metals shown in this Attachment are those identified as pore water COPECS in the impacted section of School House Brook. 


Note 2: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 


ug/L = micrograms per liter 


COPECs - Chemicals of Potential Ecological Concern 


* - If sample was not detected; value represents one half of the maximum non-detect reporting limit (RL) 


95% UCL - Upper Confidence Limit of mean concentration 


NC - Not calculated because of the small sample size. 


Created by: RAR 6/9/2008 G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIReferencel 
Ref-PW-School House.xlsAquatic Final EPC 1 of 1 QC'd by: EK 6f12f2008 



Attachment 5.16 

Exposure Point Concentrations for Pore Water COPECs in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 
Reasonable 

Frequency of Arithmetic Maximum Detect 95% UCL of Maximum Central Tendency 
COPECs Detection Mean (qualifier)* mean Exposure Exposure 

Metals, Dissolved (ug/L) 
Arsenic 

"''''''''>''''~.'' "C'~·"" ' 

0 / 3 100 100 NC . ,.", ,.".."."",.~,,,,,,, ".- .. ".".>~.".. 
100 100 

B~EYll~lJ~rl1~ 
fI!~Il~9§l~~~E? ... 
Mercury 

~ ••• w .,~•• w"".~"".~,. 

........ I 

0 3 
3 I 3 

5.0 
1918 

5.0 
3700 ............ 
2.5 

NC 
'A'~" " ••••"""."~,~'"'',~~~~,,.~''' 

NC 
""".,,,-,,,,~ "".~w~~~,~"""~_~,, .'~""~ 

NC 

5.0 5.0 
3700 1918 

o I 1 2.5 2.5 2.5 
COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

ug/L = micrograms per liter 

* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not Calculated because of the small sample size. 

Created by: RAR 6/6/2008 
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Attachment 5.17 

Exposure Point Concentrations for Pore Water COPECs in the Upstream Reference Section of the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Frequency of 

Detection 
Arithmetic 

Mean 
Maximum Detect 

(qualifier)* 
95% UCL of 

mean 

Exposure Point Concentration 
Reasonable 
Maximum 
Exposure 

Central Tendency 
Exposure 

Metals, Dissolved (ug/L) 
Arsenic 
Beryllium 

.r:1.~!lg.~I]~.().~ .... 
Mercury 

0 / 3 100 100 
~"'~"" 

""~~,~,,~ 

""''''''" 

NC 
,~""-",~,,,,~, ..,~,,,~, ~~-..~ 

NC 
'o~~~~"'~""w·'''~"'~,·~"w·''v«~,<~~'N 

NC 
_'''''W'·''W'~·'''»= 

NC 

100 100 
o / 3 5.0 

... 
5.0 5.0 

.-.......•• 
5.0 

... ?L.~.
o / 1 

2347 6830 ........... 6830 2347 
2.5 2.5 2.5 2.5 

Note: the metals shown in this Attachment are those identified as pore water COPECS in the impacted section of the EBOR 

COPECs - Chemicals of Potential Ecological Concern 

ug/L = micrograms per liter 

* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL) 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not Calculated because of the small sample size. 

Created by: RAR 6/6/2008 
Ref·PW-Ompom.xlsAqualic EPCs Final 1 of 1 QC'd by: EK 6/12/2008 
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Attachment 5.18 

Exposure Point Concentrations for Surface Water COPECs in Pond 2 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 

Frequency of Maximum Detect 95% UCL 

nese 

Detection Arithmetic Mean of mean 

5.0 
10.6 
533 
6.7 

66.8 

5.0 
41.8 
1400 
0.49 
171 

Reasonable 
Maximum 
Ex osure 

Central Tendency 
Ex osure 

66.8 
COPECs - Chemicals of Potential Ecological Concern 


Note: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 


ug/L = micrograms per liter 


* - If sample was not detected, value represents 1/2 of the maximum non-detect reporting limit (RL). 


95% UCL - Upper Confidence Limit of mean concentration 


NC - Not calculated because of small sample size. 


Created by: RAR 4/1/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIPondsl 
Pond 2 SW - CPCs and EPCs.xlsFinal EPCs Final 1 of 1 aC'd by: EK 4/4/2008 



Attachment 5.19
 
Exposure Point Concentrations for Surface Water COPECs in Pond 3
 

Baseline Ecological Risk Assessment
 
Ely Copper Mine Superfund Site, Vershire, VT
 

COPECs 
Frequency of 

Detection Arithmetic Mean 

Maximum 
Detect 

(qualifier)* 
95% UCL 
of mean 

Exposure Point Concentration 
Reasonable 
Maximum 
Exposure 

Central Tendency 
Exposure 

Metals, Dissolved (ug/L) 
Arsenic 0 / 1 100 100 NC 100 100 
Beryllium 0 / 1 5.0 5.0 NC 5.0 5.0 
Cadmium 0 / 1 6.5 6.5 NC 6.5 6.5 
Chromium 0 / 1 14.4 14.4 NC 14.4 14.4 
Manganese 1 / 1 444 444 NC 444 444 
Silver 1 / 1 46.2 46.2 NC 46.2 46.2 
ug/L = micrograms per liter
 
COPECs - Chemicals of Potential Ecological Concern
 
* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL).
 

95% UCL - Upper Confidence Limit of mean concentration
 

NC - Not calculated because of small sample size.
 

Created by: RAR 2/15/2008G:\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Ponds\
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Attachment 5.20 

Exposure Point Concentrations for Surface Water COPECs in Pond 4 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals, Dissolved 
Arsenic 
'''V'''_'w~''·~"~,,,_~,,~v'm 

~~.!yI.I.i.~!Il ... 
ggPJ?~ ......................... . 
.~9D9§r1~~~ .... 
Selenium 
Silver 
",·__'"v,~v,_~,,·v~ _~" 0'" 

Thallium .............................. 

Frequency of 
Detection 

Maximum Detect 95% UCL 
Arithmetic Mean of mean 

20.8 
3.6 

29.6 
98.3 
9.1 

48.6 
9.0 
89.9 

100 
5.0 

NC 
'v "" __ '''o>'~w ___ ~,_ V'A'~W_e 

NC 
NC 
NC 
NC 

_~".",v'«'·.,,"~'_vC<M'_'_ 

NC 
NC. •.••• : •••.•..••..••.•.. -l .••~............. . 

186 NC 

Ex osure Point Concentration 
Reasonable 
Maximum 
Ex soure 

100 
5.0 

1 
22.5 

'o',,"o.'V"OV,_ '~O'''~'W'A'''' ., n<__ m~' ,.__ "~w_.~.,<.,, 

186 

Central Tendency 
Ex osure 

20.8 
3.6 

48.6 

89.9 
ug/L = micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL). 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size or small number of detects. 

Created by: RAR 4/2/2008G:IALLSHARElESATBlo\Ely MineIBERAICOPCs .. EPCs .. HQsIPondsl 

Pond 4 SW .. CPCs and EPCs.xisFinal EPCs Final 1 of 1 QC'd by: EK 4f4f2008 



Attachment 5.21 

Exposure Point Concentrations for Surface Water COPECs in Pond 5 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 

Metals, Dissolved 
Arsenic 

~~~~ylliLl.I'11.~w... 
Cadmium 

,~~"",,,,,.,,·,,v~,,,,~,,,,,,· '"." 

Chromium 
,~w.."",""~,., """'''''''''~V'''_' ' 

Cobalt 
-,--,~'~-"~~',"".",.~-~.' "-.. 

.ggpe~E 
Lead 

~9.r.:tf;lC::l':1~~~ ..... 
Selenium 

ilver 
Thallium 

,. """V'''·'·WAvm,,·~,w~,_,« 

Zinc 

Frequency of 
Detection Arithmetic Mean 

33.3 
4.6 
11.1 
26.1 
14.3 
446 
61.1 
194 
8.4 
41 

11.1 
318 

......................... 

Maximum 
Detect 

100 
5.0 
1.9 

35.3 
24 

670 
74.3 
425 
11 

63.7 
22.5 
376 

95% UCL 
of mean 

Reasonable 
Maximum 
Ex osure 

NC 100 
NC 5.0 
NC 1.9 
NC35.3 
NC 24.0 
NC 670 ............. ········~I·············w .............. 
NC 74.3 

"._,.""._•••A••AWO"~"'''w 

NC 425 
"",,,_,,,,.~,,,,,,,,,,. w 

NC 11.0 
_ C"' ",w__""w,,,_",~,,_.,,,, 

NC 63.7 
NC 22.5 
NC 376 

Central Tendency 
Ex osure 

33.3 

11.1 
26.1 
1 
446 
61.1 
194 
8.4 

11.1 
318 

ug/L = micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

Note: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 
* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL). 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size. 

Created by: RAR 4/2/2008G:\ALLSHARE\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Ponds\ 
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Attachment 5.22 

Exposure Point Concentrations for Surface Water COPECs in the Upstream Reference Pond (Pond 1) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 

Metals, Dissolved 
Arsenic 
wA~'~"_<~~'''"'~~''''w'~~,·,,, ... " . 

~~~I}'IIJl:Ir:!l 
dmium 

mium 
,,··_·.'''·M''""~'·''''0"~~' 

Cobalt 
~.·~~vo,,~·co~""''''_. 

ggI?J:>~r. "" 
Lead 

lY,!~f:lg§f:I~~~ » 

Selenium 
Silver 

,,, '" v·,·.o""~·"",, 

Thallium 

Frequency of 
Detection Arithmetic Mean 

20.8 
4.1 
17.0 

»»3'8'.'7:''''''>''.'>1»> 
8.3 

39.2 
82.3 
9.9 
11.3 
97.8 
11 

v, ,••• "' """A""_"c'~'. 

92.8 

Maximum Detect 

>,»»'»>0» oO~, .13 
5.0 

22.9 
0.60 
0.06 
4.6 

0.75 
10.1 
22.5 
150 
22.5 
199 

95% UCL 
of mean 

NC 
~,••"",_""·,~_,.,v",,,,..• 

NC 
NC 
NC 

".,,' """ •• » ••• ,."",.y,,~,,,.-. 

NC 
_. ··""""""_·~,,,,vv_._. 

NC 
NC 

·,·"·""····_·w.·"""."".~,.,,. 

NC 
NC 
NC 

,,,,.,.»,.,.,,,,,.,,.,,.~,.,,,., .. , y 

NC 
• 'W_''','"',,,'Vy.,', "0. 

NC 

Reasonable 
Maximum 
Ex osure 

0.13 
5.0 

22.9 
0.60 
0.06 
4.6 

0.75 

22.5 
150 
22.5 
199 

Central Tendency 
Ex osure 

20.8 
4.1 
17.0 
38.7 
8.3 

39.2 
82.3 

11.3 
97.8 
11.2 

. .. "'""""n,,,,". "'''VNA"",,,VA'W'V,, 

92.8 
Note 1: The metals shown in this Attachment are those identified as surface water COPECs in Ponds 2, 3, 4, and 5. 

Note 2: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

ug/L =micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

* - Value represents the maximum non-detect reporting limit (RL), if chemical was not detected. 

95% UCL - 95% Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size. 

Created by: RAR 4/1/2008 G:\ALLSHAREIESATBIOIEly MinelBERAICOPGs - EPGs - HQsIReferencel 
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Attachment 5.23 

Exposure Point Concentrations for Surface Water COPECs in Ely Brook (Aquatic Receptors) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 

Maximum 1 
 Reasonable95% UCL of mean 
Frequency of Detect Maximum Central Tendency 

COPECs Detection (qualifier)Arithmetic Mean Values Distribution Method Exposure Exposure 
Metals, Dissolved (ug/L) 
Aluminum 34 I 34 
 5964
""'" """"""" "~"'~,,',"'o,'o,'~"" 

Cadmium 33 I 34 
 3.3
Chromium 30 I 35 
 """:4:::4:,",,Cobalt" ""0' "'0"'35735 .". '"",01"",0 

98.4 
'" "LQQPl?er """'O'~"""O"" ,+ 35/ 35 
 2532 


I!r~~rl",w'wo"'ww"'~"""'w""o""""""""","'" 0'0" "'0""'" 32 35 I " 

9762 


fy191}9Cirll?~, "00000"" 35 I 35 
 562 

Nickel ,""0,0'""" 0""'0"" , 35 I 35 
 29.9 
Silver 7 I 35


IC::ZCi'n""c""'W"""""W' ""W"""""""","""""'0"'""0 """'" ,""0' , 34 I 34 
 496 

ug/L =micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of the small number of detects. 

Distribution 

NP - non parametric 

G -gamma 

LN - lognormal 

N - normal 

Created by: RAR 3/6/2008 
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Attachment 5.24 

Exposure Point Concentrations for Surface Water COPECs in the Upstream Reference Portion of the Main Stem of Ely Brook (Aquatic Receptors) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 

Iron 
'_""''''''''''''''~''''m' , 

M~l:!g~I:!~l:>~, 
Nickel 
Silver 
Zinc 

Frequency of 
Detection 

Maximum 
Detect 

Arithmetic Mean 

35.0 
10.5 
0.73 
0.14 
29.5 
30.0 
136 

5.5 1.9 
5.9 0.25 

50.0 137 

95% UCL of mean 1 

Values Method 

NC 
NC 
NC 
NC 
NC 
NC 

> '_"'_W"~'''~' .' , 

175 NP ~~CYog~~~y~~~y 
NC 
NC 

77.6 N 95% Student's-t 

Ex osure Point Concentration 
Reasonable 
Maximum Central Tendency 
Ex osure Ex osure 

35.0 15.2 
10.5 5.0 
0.73 1 
0.14 
29.5 
30.0 
136.0 

1.9 
0.25 

"'A'''',~"",,,,'~~"W_W'_'''W"''~_'''''' '''~" 

50.0 
Note 1: the metals shown in this Attachment are those identified as surface water COPECS in the impacted section of the main stem of Ely Brook. 

Note 2: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

ug/L = micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

* - Value represents one half of the maximum non-detect reporting limit (RL). if chemical was not detected. 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of a small sample size or small number of detects 

Distribution 

NP - non parametric 

N - normal' 

Created by: RAR 3/21/2008G:\ALLSHARE\ESATBIO\Ely Mine\BERA\COPCs· EPCs - HQs\Reference\ 
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Attachment 5.25 

Exposure Point Concentrations for Surface Water COPECs in School House Brook (Aquatic Receptors) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


N 
""NFl 

als, Dissolved 

Exposure Point Concentration 95% UCL of the Mean 1 

Maximum Reasonable 
Frequency of Arithmetic Detect Maximum Central Tendency 

Detection Mean Value Distribution Method Ex osure Ex osure 

36/ 36 87.8 180 97.3
37.9"" ............ ·············""325""
36/ 36 87.2 

'" . ~'" .,~<_."__ ."~,,,,,_c·, 

24/ 44 0.58 0.82 0.23 
9/ 44 74.5 203 112 

35/ 37 40.8 69.9 
ug/L =micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

Note: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

95% UCL - Upper Confidence Limit of mean concentration 

Distribution 

NP - non parametric 

G - gamma 

LN - lognormal 

N - normal 

Created by: RAR 2/27/2208G:\ALLSHARElESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\School House Brook\ 
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Attachment 5.26 

Exposure Point Concentrations for Surface Water COPECs in the Upstream Reference Section of School House Brook (Aquatic Receptors) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 95% UCL of the Mean 1 

Maximum Reasonable 
Frequency of Arithmetic Detect Maximum Central Tendency 

COPECs Detection Mean Value Distribution Method Ex osure Ex osure 
Metals, Dissolved u IL 
Aluminum 11 / 13 21.7 104 75.5 
Barium 13 55.5 325 159 
Cadmium 0/ 16 2.4 7.8 NC 

7 / 16 4.7 1.2 NC 
12 / 13 32.4 147 86.7 95%KM 

7.8 
1.2 

..~ ",,,w,,"o. '.b~.'~~ .~••". ''''''_~U'''''''"''~ ..~~.""_"'w 

86.7 
Note 1: the metals shown in this Attachment are those identified as surface water COPECS in the impacted section of School House Brook. 


Note 2: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 


ug/L =micrograms per liter 


COPECs - Chemicals of Potential Ecological Concern 


* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL) 


1 - Statistics were performed using Pro UCL Software version 4.0.02 


95% UCL - Upper Confidence Limit of mean concentration 


NC - Not calculated because of the small number of detects 


Distribution 


NP - non parametric 


G -gamma 


Created by: RAR 3/18/08 
Ref-SW-School House.xlsAquatic Final EPC 1of 1 QC'd by: EK 41712008 
G:IALLSHARElESATBIOlEly Mine\BERA\COPCs - EPCs - HQs\Reference\ 



____ 

COPECs 
Metals, Dissolved 

Attachment 5.27 
Exposure Point Concentrations for Surface Water COPECs in the EBOR (Aquatic Receptors) 

Baseline Ecological Risk Assessment 
Ely Copper Mine Superfund Site, Vershire, VT 

Frequency of Arithmetic Maximum Detect 
Detection Mean Value 

Aluminum 39.1 122 J 47.5 
Barium 
,,~,,-,,---~~. ,,~,,--~,.~~ 

g()£e~~ 
Lead 

ry1~rlg~r1~~~ . 
Silver 

29 129 
28 129 

8 129 
29 129 

4 129 
29 129 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

68.7 
14.1 
20.4 J 
18.1 

809 

281.7 
28.6 
NC 

40.9 
NC 

4731 

Note 2: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

ug/L =micrograms per liter 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not Calculated because of the small number of detects 

Qualifier Definitions: 

J - estimated value 

G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIOmpom Riverl 
Ompom sw - CPCs and EPCs.xlsAquatic EPCs Final 

Distributions 

NP - Non parametric 

G -Gamma 

1 of 1 

Exposure Point Concentration 
Reasonable 
Maximum 

95% UCL of mean 1 

Central Tendency 
Distribution Method Ex osure Ex osure 

G ~t)~[~IS.~{I:3Qf\) 47.5 39.1 
NP ~~~[~.g-~~~¥~~.~'I .......?~? ...... 

G ~?O[oIS~(g.~I:l~Y~.~~'I2 ... , ............2.........6
....8 c................l ......................~,.........,......................... j 


40.9NP 
0.43 

W'~"·.~ ~_» "''',."''' ••"'_,, • " ".~~'c.~"...__~'<,.~~•._,, 

99% Cheb shev 4731 809NP 

Created by: RAR 2/27/2008 
aC'd by: EK 212812008 



Attachment 5.28 

Exposure Point Concentrations for Surface Water COPECs in the Upstream Reference Section of the EBOR (Aquatic Receptors) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Maximum Detect 
95% UCL of mean 1 Exposure Point Concentration 

Reasonable 
Frequency of Arithmetic Concentration Maximum 

Detection Mean Value Distribution Method Ex osure 
Metals, Dissolved 
Aluminum 15.3 

62.6 
4.2 
24.3 
10..3 

296 
0..96 
0..0.9 
29.0. 

47.1 
180. 
NC 
NC 
15.0. 

G 
NP 

N 

................... ~(j'rO.f(Jyli~g~J 
~.!5°(og~.E:l.~y.~~E:ly .. 

95% Student's-t 

47.1 
180. 
1.0. 

0..0.9 
1 

0..54 0..0.8 
86.8 

NC 
54.6 G 95% A' rox Gamma 

0..0.8 . ·.~M.··"···,,·._"" .. "'._ ..._·__"h. _ 

54.6 
Note: the metals shown in this Attachment are those identified as surface water COPECS in the impacted section of the EBOR 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

ug/L =micrograms per liter 

• - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL) 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not Calculated because of the small number of detects 

Qualifier Definitions: 

J - estimated value 

Created by: RAR 4/17/2008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIReferencel 
Ref-SW-Ompom.xlsAquatic EPCs Final 1 of 1 aC'd by: EK 51112008 



Attachment 5.29 

Exposure Point Concentrations for Brook Trout Tissue Residues from School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 
Reasonable 

Maximum Detect Maximum Central Tendency 
COPECs 

95% UCL 
Frequency of Detection Arithmetic Mean (qualifier)* of mean Exposure ExpoSure 

Metals (mg/kg, wwt) 

Cadmium 
mium 

"'W""",,~~C~~'''"''.'~~C'' "",·~·"~w ••·,,,><··"'" " .• 

Cobalt 
IC;()nnRr 

Iron 
~""'-'" ""'~~'"~-"''''' . 

Lead 

~§f]g~f]~~~. 
M~Ec;.LJr}'.~ ..... 
~.21}'~.2~f:1.LJDJ .. 
Selenium 
'~A"''''''''"''''~''W'''_V'W'C~'o'''~'~ "vv" ,~'''~'''~" 'W • 

Thallium 

mg/kg, WNt - milligram per kilogram, wet weight 

COPECs - Chemicals of Potential Ecological Concern 
• - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL). 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size. 

Created by: RAR 218/2007G;\ALLSHARE\ESATBIOIEly MinelBERAICOPCs - EPCs - HQsIFishl 
BKT - School House Brook.xlsFinal EPe 1 of 1 aC'd: EK 2119/2008 



Attachment 5.30 

Exposure Point Concentrations for Blacknose Dace Tissue Residues from School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 

Frequency of 
Detection 

Maximum Detect 95% UCL of 
Reasonable 
Maximum 
ExposureArithmetic Mean mean 

,~~,,""g~y, . 
Barium 
"~"'~~'ON''''''''''_W~~'',~"'" .• 

.~e!yII~':J!!1...."........ 
Cadmium 
Chromium 
'~V"','~W~'~,_~'_~'>~'" 

Cobalt 

C2P.e.~~.. 

4 
8 
o 

4.8 
0.13 
2.0 

0.01 
0.04 
0.39 
0.05 

0.16 
3.7 

0.01 

44.7 
1.17 
4.2 

0.15 0.15 
0.19 0.2•......•............ . . ....... . ...... ,................ ........................,".. '::.'.::w .............."..... .1 
0.43 0.5 

Vanadium 
Zinc 
mglkg, wwt = milligram per kilogram, wet weight 

COPECs - Chemicals of Potential Ecological Concern 

0.02 0.02 
0.10 0.1 
36.1 40.9 

0.07 
0.50 

0.15 
0.20 

"" w.""'~ ~~~cc.~.~w~~~" N~'~."'~w~.""W~~'<~ 

0.50 
._'''.N'~W''~"'' ~.v,~y.=~,~_,,~ 

0.02 
0.10 
40.9 

Central Tendency 
Ex osure 

36.1 

* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL). 


95% UCL - 95% Upper Confidence Limit of mean concentration 


NC - Not calculated because of small sample size. 


Created by: RAR 2/8/2008G:\ALLSHAREIESATBIOIEly MineIBERAICOPCs .. EPCs .. HQsIFishl 

BND - School House Brook.xlsFinal EPC 1 of 1 QC'd: EK 2119/2008 



Attachment 5.31 

Exposure Point Concentrations for Brook Trout Tissue Residues from the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals 
Aluminium 

, .• '--0 .,. ___""~'_"''"''''_ 

,ry19DJ;l91J~~~_,....,..... . 
,ry1~!2!:J1}'..... ........... 
.ry19!}::~c;!~~.L,lrr1 
Selenium 
..~.".>_.~~'~.~'"m.»''''' .._ 

Thallium 
Vanadium 

Frequency of Maximum Detect 95% UCL 
Detection Arithmetic Mean of mean Maximum 

+ .."..... ,..".".5...",,1........5,.. , .... ". ,1" ... , ... ,.....4"....,8......... ".... 1""..• " ......".............6......9.. ,.. ,......,..... , ....... I ... (\J9 ...,......,..,...."., ...,t:>:~,. ···· ...... I" ....""·,,·,,....,,·"".."""..,,::·~~=·,..,,···.··.,····...... ~"'l 
5 5 0.37 0.48 NC 0.48 ...........".,...,"+.........................,,,.,,"''',..,',.,,,....."....+...."....,."."............~"..:."'...,...."...,..,...····,,···..,·,1 
o 0.01 0.01 NC 0.01 ... , ....,'".•, ... 
5 0.05 0.08 NC 0.08'.',....',................ , ..•.,......".,"'".. "".. "', ..... , .................., ..,,...... ..I ..··",····"·""·,,..,,, ...",.......""'''''',...".",,•• 

0.44 0.60 NC 0.60 0.44 
" •• """"_""'~"'v"c_cr_"_" vr""'c~>~wo'c "" 

0.05 0.06 NC 0.06 0.05 
1.6 1.9 NC 1.9 1.6 

32.9 36.0 NC 36.0 32.9 
""""'W"'"'' '''''',,'~ •.•..cw.."".m."V".'""",.,,,. ., ."., , ,,,.,,,,,,,,.,,,,," '.m.•. " •.'''"''''v''''''''''~,~,w~'''_'''~m;~NN_".~~WN=.. 

0.03 0.06 NC 0.06 0.03 
............ .. .• , ....... " ..., ..... ,,,,.," ·····,···,· ..1· ·""·..""··""·""··"·",···"I"·,,·,·· ..·,,.. ·····,····~··:=·,,·""""'"'' ·"···""1""·"..,·"··,,·,,,,··....··,,,,:·-::,,:··,,··,,,,·,',,·,,·..,,·,,,,,,,,,,,,,,,,,,,,,,,,,,,1 

3.1 ...."... ".."".,.......".3".....7",,,...,,...,,,,..,...............,.. ,,........ NC 3.7 3.1 
0.01 0.01 0.01 
0.15 0.15 0.15 0.15 
0.50 . 0.60 0.60 0.50 

._._ ",,'O_"'""V.H·__'·"· 

0.02 0.02 0.02 
0.12 0.20 0.20 0.12 
21.5 23.2 23.2 21.5 

Note: The metals shown in this Attachment are those identified as tissue COPECs for brook trout in the impacted section of School House Brook. 

mglkg, wwt - milligram per kilogram, wet weight 

COPECs - Chemicals of Potential Ecological Concern 

* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size. 

Created by: RAR 2/22/2008 
REF-BKT - School House Brook.xlsFinaJ EPC 1 of 1 QC'd: EK 2/28/08 
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Attachment 5.32 

Exposure Point Concentrations for Blacknose Dace Tissue Residues from the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Exposure Point Concentration 
Reasonable 

Frequency of Maximum Detect 95% UCL of Maximum Central Tendency 
COPECs Detection Arithmetic Mean (aualifier)* mean Exposure Exposure 

Metals (mg/kg, wwt) 

Note: The metals shown in this Attachment are those identified as tissue COPECs for blacknose dace in the impacted section of School House Brook. 


mg/kg, WONt =milligram per kilogram. wet weight 


* - If sample was not detected. value represents one half of the maximum non-detect reporting limit (RL). 


COPECs - Chemicals of Potential Ecological Concern 


95% UCL - 95% Upper Confidence Limit of mean concentration 


NC - Not calculated because of small sample size. 


Created by: EK 2128/2008G:IALLSHARE\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Fish\ 

REF-BND - School House Brook.xlsFinal EPC 1 of 1 QC'd: RAR 5/15/2008 




Attachment 5.33 

Exposure Point Concentrations for Brook Trout Tissue Residues from EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Maximum Detect 95% UCL 
Detection Arithmetic Mean of mean 

Aluminum 
Barium 
"'"~"''''''''''~''''''O~''"''''<' . 

§~ryIJil:l.rll...... 
Cadmium 

0.15 
0.08 

17.4 
mglkg, wwt - milligram per kilogram, wet weight 

EBOR - East Branch of the Ompompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

95% UCL - 95% Upper Confidence Limit of mean concentration 

NC = Not calculated because of small sample size. 

Created: RAR 2/7/2008G:\AllSHARE\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HOs\Fish\ 
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Attachment 5.34 

Exposure Point Concentrations for Blacknose Dace Tissue Residues from EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Maximum Detect 95% UCL of 
Detection Arithmetic Mean 

,,,,,,,,,,,,1 
NC 

16.8 
2.4 

0.01 
0.07 
0.3 

0.09 
3.5 

50.8 
0.04 
6.4 

0.02 
0.15 
0.2 
0.5 

mean 

Metals 

Aluminum 6 / 6 8.7 NC 16.8 

Barium 
 6 /6 2.1 NC 2.4 
'~mFm~U"<C v WA""~""~" ~ • ~ •.•""~~''''''~''~~ "c.~" "".~, 

o 6 0.01 NC 0.01 

Cadmium 

§f:}ryll!~1!1 " 

6 / 6 0.05 NC 0.07 

Chromium 
 6 16 0.28 NC 0.30 
"'''w~''m''wwmu''~'''W''''''~ """'" """,~~".."., ' 

Cobalt 6 I 6 0.08 NC 0.09 
'"",,,,w~w,,,,,,wo,,,,,~c, • ~"w""..,",~,,,.,,... ,, .... '"'' '.,....",...,," ···1"""····,···,,,····,···,,, 

2.4 NC 3.5 

Iron 

,Q2ep~~", 

35.5 NC 50.8 
'~_""m·w~,··<_,·,,,,·« , 

Lead 0.03 NC 0.04 
5.3 NC 6.4.1y1<:3~.9<:3D,f:}~~.,.. ' 

Mf:}Egl.Jry 0.02 NC 
'v " ••• __ ._. __«~ ~.,, 

0.15 NC 

Nickel 

Iy1gIY~,<:I,f:}nl.J1l1 

0.17 NC 

Selenium 
 0.38 
_~·W··"""""'·'·"··"·W~_·b".~ .•.••.,,, •• 

Thallium 0.02 NC 0.02 
·«··,,'0,""".''' ....._.''_ 

Vanadium 0.10 NC 0.1 
39.0 NC 41.6 

Ex osure 

.~_ 

8.7 

0.10 
39.0 

mglkg, wwt = milligrams per kilogram, wet weight 


EBOR - East Branch of the Ompompanoosuc River 


COPECs - Chemicals of Potential Ecological Concern 

* - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL). 


95% UCL - 95% Upper Confidence Limit of mean concentration 


NC = Not calculated because of small sample size. 


Created by: RAR 2/8/2008 
BND -Ompom River.xlsFinal EPC 1 of 1 QC'd: EK 2/19/2008 
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Attachment 5.35 

Exposure Point Concentrations for Blacknose Dace Tissue Residues from the Upstream Reference Section of the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of 
Detection Arithmetic Mean 

6.4 
2.2 

"O_"""'''W''''''''",''wv 

0.01 
0.03 

,.. " v V' v,,,,, .".""v.. ,.~.,.,.,,,w 

0.33 
'"'/'_'"VW'W,,,v,,,v,,v.,._ 

0.02 
.2 

30.9 

5.3 
0.02 

5 
N." ...·"·, .. , .........,.,.wv.".,,'v 

0.20 
. "",. " ", .. ~" ". 

Maximum Detect 95% UCLof 
mean 

6.4 

0.03 

0.40 
0.02 

NC 
NC''',''', '''''' '"'''' "" ",,,,,,,1,,,,,,,,,,,,,,,,,,,,.,,"".,,,,.:,.:.= .....,,,,,,,,,,,,,,,,,.,,,,.+,••,., ..,."." .....",......: ..,:..:.'...:.",."...,""...,,,.,,•• ··1 
NC 

""""",··,·",,w.,,·~,·,,, 

NC 
""",,,·,,,,,,,,,,,,,,_,,,,·'A" . 

39.0 NC 
Note: The metals shown in this Attachment are those identified as tissue COPECs for blacknose dace in the impacted section of the EBOR. 

mglkg, wwt = milligrams per kilogram, wet weight 

EBOR - East Branch of the Ompompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - 95% Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size . 
• - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL). 

Created by: EK 2128/2008G:\ALLSHAREIESATBIOIEly MineIBERAICOPCs· EPCs· HQsIFishl 
REF·BND ..{)mpom River.xlsFinal EPC 1 of 1 QC'd: RAR 5/15/2008 



Attachment 5.36 

Exposure Point Concentrations for Surface Water COPECs in School House Brook (Wildlife Receptors) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Aluminum 

Frequency of 
Detection 

37/ 37 
5/ 38 
7/ 38 

37/ 37 
,.' _~'''~"'c_,,__,~~'~_~~ 

Arithmetic Maximum Detect 
Mean 

2000 

J 

ium 
hromium 

26/ 46 
" 'r _'_""'"~'_''~_r''_w''' 

21 / 46 

395 
13.6 
32.5 
17.4 
0.41 
3.0 
4.6 
117 
414 

0.19 
30.0 
1.2 
4.5 

25.0 
1100 
2200 

B 

obalt 

g()EP~erc,,,"""'..,,,,., ,,,.,' " 
Iron 
'Mr'~~"c~'''_'_'''''W"~'''',·<,w ' 

Lead 

~§lr19§lr1~?~ 
~~r~l:Iry 
~()JY~2E:lr1l:1r1J ' 
Nickel 
Selenium 
'''_'_w_·"""__ c_~._,,,,._._.·· __ 
Silver 
Strontium 
Vanadium 
Zinc 

,~ ., _, ~ O>,",~,", •• _r 

41 / 45 
45/ 45 
45/ 45 

'r "~_,,_,,~,,,",,,.,,~o_~_~~,~,,,,,,, 

25/ 44 
45/ 45 
3/ 18 

15/ 37 
, ,. , •• " • w .~ •• " ""_"~'''''''''W' 

41 / 46 
r, ___"""r_""_·'~_r·.··_ 

3 / 46 
4/ 46 

29/ 29 
24/ 46 
45/ 45 

3.8 
.5 

0.09 
1.6 
3.1 
1.8 

0.97 
142 

'r' '. _""'~_"~"'" 

2.2 
23.5 

~ r"" '_"""_"m",' 

16.0 
260 
0.17 
0.40 
12.0 
8.5 
0.67 
274 
2.7 
150 

J 
J 

Metals, total 

COPECs - Chemicals of Potential Ecological Concem 

95% UCL of the Mean 1 Exposure Point Concentration 

Reasonable Central Tendency 
Distribution Method Maximum Ex osure Ex osure 

494 
NC 
NC 
18.8 
0.23 
2.0 
6.8 
222 
569 
2.4 
67 
NC 

0.18 
3.3 
NC 
NC 
160 
0.53 

,.,~?~(?I\~e(~1?()2!?!r~pL"1'''''''''''''' "c,;'":''''''''' "'" 

222 
569 
2.4 

67.0 

""i"""""""'"''''''';'::''''':''''''''''''''' .1 

N 95% Student's-t 

LN 
G~~O(o,!S~Jt) 
NP~~O(ol\~(ghE:l~y?hE:l\')" ., 

NP'~§o;~Bf0'(g'h~~Y~h~YL~ 


NP ~~o,t~g~E:l~Y?~E:l\' 
LN 95% H-UCL 

" 
NP ~5o,to9~E:l~Y?~E:l\' 

NP """ ".",,~~~~f0m, 
NP 95°(o,fSl\I1(g~e~Y~~E:lY} 

0.67 
N 9 5 (lj~ Stuclent;s~t ' 160 

, • _ •• u • •• •••• " ••_ •• ,.",w~"""NP ,~tio,to"KI\I1( °/~,1?()2t?t~§lP) ,,' 0.53 
NP 95% Cheb shev 37.6 

Note: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

ug/L = micrograms per liter 

1 - Statistics were performed using Pro UCL Software version 4,0.02 

95% UCL - Upper Confidence Limit of mean concentration 

J - estimated value 

B - analyte is associated with blank contamination 

Distribution 

NP - non parametric 

G -gamma 

LN - lognormal 

N - normal 

Created by: RAR 2127/2008 G:IALLSHARBESATBIOIEly Mine\BERA\COPCs· EPCs - HQs\School House Brook\ 
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Attachment 5.37 

Exposure Point Concentrations for Surface Water COPECs in the Upstream Reference Section of School House Brook (Wildlife Receptors) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


95% UCl ofthe Mean1 

Arithmetic Maximum Detect 
Frequenc of Detection Mean Value Distribution Method 

Metals, total 
Aluminum 
""'C""'~'"'~_W~ "'~cW' ~,~ 

~D~t~r:n9I!Y~~" 
Arsenic 
Barium 
Cadmium 

183 
11.3 

840 
0.10 
0.18 
28.0 
0.02 

J 

3.0 B",..~,,~..,......~.~.............~..~".. ~~ ..... '"''''~''''"''' .\....... .. .................:....,......,".. ................ .. ..~+. ......... .. ...,.."..... "... I· ... "'"".","~"'" "'"'' ..~""."."" 
0.50 

14 I 18 
18 1 
5/Ts 

18 I 18 
o 7 
8 I 14 

11 I 18 
01 18 
o 18 

12 12 
10 18 
16 I 18 

16.3 
0.07 
1.2 

0.51 
0.44 
139 
0.92 
7.3 

2.0 
780 
0.82 
80.0 
0.10 
0.34 

1.7 
2.5 
240 
1.6 

49.4 

599 
NC 
NC 
19.5 
NC 
NC 
NC 
1.3 
726 
Nt 
28.1 
NC 
NC 

0.76 
NC 
NC 
169 

,.,,,,,,,~~,~.~., ,~~'oc 

0.57 
24.3 

N 95% Student's-t ..•....,........... II: 

N 
NP 

LN 

N 
LN 
LN 

~!5O;oEf0jt)·· 
~~o;o~g~El~Y~I1El'" . 

95% H-UCL 

Exposure Point Concentration 

Reasonable 
Maximum Ex osure 

Central Tendency 
Ex osure 

1.7 
2.5 
169 . ~ ... ~ .... ~ ......~ .~ ~~··..I..··",," ....·..·....·.."...........··..·..,,·..·..·~..··..··""....·"···"...".....~".... j

0.57 

Note 1: the metals shown in this Attachment are those identified as surface water COPECS in the impacted section of School House Brook. 

Note 2: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

COPECs - Chemicals of Potential Ecological Concern 

ug/L = micrograms per liter 

* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of the small number of detects. 

Distribution B - analyte is associated with blank contamination 

NP - non parametric J - estimated value 

LN - lognormal 

N - normal 

Created by: RAR 4/3/2008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIReferencel 
Ref-SW-School House.xlsWlldlife Final EPC 1 of 1 QC'd by: EK 41712008 



Attachment 5.38 

Exposure Point Concentrations for Surface Water COPECs in the EBOR (Wildlife Receptors) 


. Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals, Total 
Aluminum 

'O'''''~'''~'W''WW''''~»'W ,,~ 

~r1ti!!l()I1Y ... 
Arsenic 
Barium 
Cacfmium~ 
Chromium 
Cobalt 

g()pe~r~ .. 

!:'1~E9':'1)'.... ~...... 
~()1~1?9~r1':'Er1 
Nickel 

Frequency of Arithmetic Maximum Detect 
Detection Mean Value Distribution 

32 135 820 380 LN 
_'''~_·"_V"_,,,,·_,,·_, ~~"'« 

I 35 0.76 NC 
3 135 0.20 NC 

"." "'«"~-~<'" -

33 135 30.0 19.4 G 
9 I 35 

172 
10.4 
25.5 
19.9 
0.96 
3.0 

0.09NC···I··············~····~..·....·..........·.. 

4 /35
18T35'" 

v ..<."""""c~.~v,,,,""~, 

33 / 35 13.3 ..................."'34(35 .......~ ~196 

", __ ,." ""v,." ••~,,,.,,~ .. ~~""o"",.~~,," 

.2 NC 
1.8 0.67 
67 23.9 

880 332 
'" ,.~.-"«,,~-~~,, 

0.56 0.4314 I 35 
. 

~_ ",.. ""',_n"V"" • 

34.3.............~..~...~~~~. . 
NC 

Method 

Ex osure Point Concentration 

Maximum 
Ex osure 

Central Tendency 
Ex osure 

0.17 
'" "V, """"'''~'_V.w 

""""'W"A'~W'~'VC' v. V••v· 

.," .. 
.....~..........c.. ~..~~ .. ~~ ...............,~:~OZ~=~~·{"§f6I...····· ························I~··....·~.......~· ..............~.~...., ......,.....................~.........I.....................~............:....,.:.c:......... ···..·..·~.··...............I 

.................................... ~.~~.IS.~.(!o. .. !?2()!!:)!~~p1..~·.1..........~..·.. ..::..;·0·............,....··..···+....·.....·..·....·....~··~,,··::.,~0~.. ··....·"....··".... ·11.5 
'v,""'v,,'"'''' _~.,~o 

Selenium 
~~,~",~w,,,,=,,~,,~~,,~'"="__"vm"~~'~'~,~ '-", 

Strontium 
NC ....... ··I·.. ··•·..•................·..·I·····~.......... :.C'=................. ····1 ........................................................j.................:-'"':::,."".......~.-+.........................::.,'::..............·....···· ..··..·..,,1 
149 95% Student's-t 

, we. ~""",,,.,,, ~ "W~'b ,." '"'' ,_~" ,,,"'''~~'" 

19 
Vanadium 

ug/L =micrograms per liter 

31 

''''·''w''''''''''·,·_,,'''''·,,~.· •••·~ 

NC 
• '" _ "'V V"'~ __ '_o' ",~"".",,_,, 

629 NP 

35T35 
··~""3~T18· 

,. " •• ,," 'M" , V. A W' •• '" v.,,~_v•.• ,,_,~,_ 

171 
:.~...:..:...........+.. ~........'." .~..... 

0.20 .......~·w·....··~..~· ....~... I~ ~~~~.:.~...... .........~......····.. ··~·I ~... ......... ................
V""""'...v'" ...... '1.'§V'''j'''''1''9'''''''''''' 

v, ". ,".~..," ..,",~~""~,>,,,_~ 

18 / 35 

+. ..···.....c....,······ ....··..·..·· 2 135 

14 I 35 
/35 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

Note: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - Upper Confidence Limit of mean concentration Distributions 

NC - Not Calculated because of small sample size. NP - Non parametric 

Qualifier Definitions: G -Gamma 

J - estimated value LN - Lognormal 

Created by: RAR 2127/2008G:\ALLSHARBESATBIOlEly MinelBERAICOPCs - EPCs - HQsIOmpom Riverl 
Ompom SW - CPCs and EPCs.xlsWildlife EPCs Final 1 of 1 QC'd by: EK 2128/2008 



Attachment 5.39 

Exposure Point Concentrations for Surface Water COPECs in the Upstream Reference Section of the EBOR (Wildlife Receptors) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals, Total u 
Aluminum 
~w"""v~·",~··~c~,=,~"",,~·,,~,,.,· 

61]~i~'!lgnY~ . 
Arsenic 
Barium 
,~_~"",·"<.~'''wm·_~~''~~·'''~· ">'," •• 

Cadmium 

Frequency of Arithmetic Maximum Detect 
Detection Mean Value 

24.1 
0.05 

710 
0.07 
100 

357 
".. ,~". _A'~·~·· "~~¥,,~ .. ~,.,. 

NC 
NC 
26 
NC 
NC 
NC 
NC 

~-- ...~".~-"~~.,,, 

650 318 
••• • ••_~·,vO"'·VW·W'YW" 

0.50 NC 
52.0 32.2 
0.05 NC 
0.20 NC 

0.65".. ~~..,. NC 
1.7 NC 

l,,·~~;,~·,:~"'·'·~~~· ·,I·,,~ ..~•.~....,...,.. ,. ~~"'I"~' .,•••~~.•~ 

0.86 
4.4 

0.91 
16.3 

NC 
NC 
10.7 

95% UCL of mean1 

Distribution Method 

Ex osure Point Concentration 
Reasonable 
Maximum 
Ex osure 

0.05 
_~"..~~.·.~.v~" '.'~'.~."_,,,,,..~.~.« 

0.20 

0.91 
10.7 

Central Tendency 
Ex osure 

Note 1: the metals shown in this Attachment are those identified as surface water COPECS in impacted reach of the EBOR. 

Note 2: High analytical detection limits (which were divided in half for use in the EPC calculations) caused some of the CTEs to exceed their associated RMEs. 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

ug/L =micrograms per liter 

1 - Statistics were performed using Pro UCL Software version 4.0.02 

* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size 

Qualifier Definitions: 

J - estimated value 

Distributions 

Created by: RAR 4/17/2008G:lAllSHAREIESATBIOlEly MineIBERAICOPCs .. EPCs .. HQsIReferencel 
Ref-8W-Ompom.xlsWildlife EPCs Final 1 of 1 aC'd by: EK 5/112008 



Attachment 5.40 

Exposure Point Concentrations for Combined Fish Tissue Residues from School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Ex osure Point Concentration 
Reasonable 

Frequency of . Arithmetic Maximum Detect 95% UCLof Central Tendency Maximum 

Metals 
Aluminium 
."",.~,-, '<'~'~'''~'~~~""'''~' 

~':1!il]J~':1Y""".
Barium 

,~~,,,. ,~",.".'>,-~""., ..." ..... 

Cadmium 
""w···O·····>"'·~·,,_"'·'''_··,·_ 

Chromium 
Cobalt 

C::;~ppE:lr ..... 
Iron 

.~§1!!.9.§!.':1.E:l§>E:l... 
1\,1E:l~9l:lry 
Nickel 
Selenium 
Vanadium 

Detection 

9"/9 
9 /9 

9 

8ig····· 
9 /9 

Mean 

5.66 
.~ _ 'o_~ ,_. ,.,. "~~"N"'« '" 

0.12 

0.04 
0.38 

,... """"'~'~«"'Vh . 

0.06 
4.6 

34.7 
5 

0.01 
0.17 
0.41 

'" . w~"_.~,,,,. , 

0.10 
Zi·nc~·'~'''~'·'''''-A-- . 2 /9···g7g····"··"·· w_•• ,"' _0" "",. "'''''~''''''''A 

mglkg, wwt =milligram per kilogram, wet weight 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - 95% Upper Confidence Limit of mean concentration 

NC - Not calculated because of srnall sample size. 

G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIFishl 
Fish - School House Brook.xlsFinal EPe 

34.1 

12.4 

0.07 
0.50 

46.9 

0.20 
0.50 

,.' _, .~_. _~_V'''~''''~"<o".,_,, 

0.10 
~ _ ~. u. _ ""'~_"w 'n, 

40.9 

1 of 1 

mean 

NC 

·"··Ne-"" 
NC 
NC 
NC 

"''',·".. "··,,,,·_''v''w·w•• ·· 

NC 
NC 

Ex osure 

0.50 

Ex osure 

Created by: RAR 1/7/2008 
QC'd by: EK 5/15/2008 



Attachment 5.41 

Exposure Point Concentrations for Combined Fish Tissue Residues from the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs Frequency of Detection Arithmetic Mean 
Maximum Detect 

( qualifier)* 
95%UCL 
of mean 

Exposure Point Concentration 
Reasonable 
Maximum 
Exposure 

Central Tendency 
Exposure 

Metals (mg/kg, wwt) 
Aluminium 
"",,,,·,,v_~~,~_~"~"'V''''AV~~''''~A~ 

~D!.i~C:>.r:!~""_" .' 
Barium 
=~'~"_,"""0"""'=""'"''',",''''''''''''~'''' ''''''m"'~'' >~,,,~,..>.,.-. , 

Cadmium 
Chromium 
"~,,,,,~,v~~,.~~,v~,~, "'" 'n"""" ..,·, .. , .•. v".,_""" 

Cobalt 

.gw2f>R~L w..· ....··w ..... 

Iron 
~. ,~" • "'" " •."" ".""",,, ""~,~·~w '" 

Lead 

.~.~.rl§;l~n~~e 

.~~~9.l:l!Y."w . 
Nickel 
Selenium 
Vanadium
zinc 
Note: the metals shown in this Attachment are those identified as fish COPECS in the impacted section of School House Brook. Blacknose dace and brook trout were the only fish species 

collected for fissue residue analysis. 

mg/kg, wwt - milligram per kilogram, wet weight 

COPECs - Chemicals of Potential Ecological Concern 

* - Value represents one half of the maximum non-detect reporting limit (RL), if chemical was not detected. 

95% UCL - Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size. 

Created by: RAR 5/2/2008 G:IALLSHARE\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Fish\ 
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Attachment 5.42 

Exposure Point Concentrations for CombinedFish Tissue Residues for the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Arithmetic Maximum Detect 95% UCLof 
Exposure Point Concentration 

Reasonable Maximum Central Tendency 
COPECs Detection Mean .(qualifier) mean Exposure Exposure 

Metals (mg/kg, wwt) 
Aluminium 

·O''''·""O~'YWW~_··' " 

Barium 
"""~"._ .."~/,,,,~,,·,v.·,,, 

Cadmium 

mg/kg, wwt = milligram per kilogram, wet weight 

EBOR - East Branch of the Ompompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

95% UCL - 95% Upper Confidence Limit of mean concentration 

NC = Not calculated because of small sample size. 

Created by: RAR 2/1/2008G:IALLSHARE\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Fish\ 

Fish -Ompom River.xlsFinal EPC 1 of 1 QC'd: EK 5/15/2008 




Attachment 5.43 

Exposure Point Concentrations for Combined Fish Tissue Residues from .the Upstream Reference Section of the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Arithmetic Mean 

6.4 
2.2 

0.03 
0.33 

1 
0.02 

,,,.,'''"" '"'' Nm" "",,,,,,, • 

30.9 
W""·"···v,,,.,,·,m,·,,,~,,,v 

0.03 
~,,,",,••"<"'. ""."."",,,,,~,,,,,,,,~~,, 

0.20 
0.40 
39.0 

Maximum Detect 95% UCLof 
mean 

NC 

6.4 

0.03 

0.02 

Note: The metals shown in this Attachment are those identified fish COPECs in the impacted reach of the EBOR. Blacknose dace was the only fish species collected for tissue residue analyses. 

mgikg, wwt = milligrams per kilogram, wet weight 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

95% UCL - 95% ,Upper Confidence Limit of mean concentration 

NC - Not calculated because of small sample size . 

• - If sample was not detected, value represents one half of the maximum non-detect reporting limit (RL). 

Created by: EK 2/28/2008G:\ALLSHAREIESATBIOIEly MinelBERAIGOPGs - EPGs - HQsIFishl 
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Att"'''''hment 5.44: Aquatic and emergent invertebrate BSAFs for use in food chain modeling 

BSAFs for the aquatic life BSAFs for the emergent life 
COPEC stages of benthic invertebrates stages of aquatic insects 

Aluminum 0.098 0.098 

Antimony 0.2 0.2 

Arsenic 0.127 0.127 

Barium 0.951 0.951 

Beryllium 0.13 0.13 

Cadmium 3.07 Regressiona 

Chromium 0.588 0.588 

Cobalt Regressiona Regressiona 

Copper 95%UPLb ,c Regressiona 

Iron 0.072 0.072 

Lead 0.066 0.066 

Manganese 0.505 0.505 

Mercury 1.74 1.08 

Molybdenum 1.15 1.15 

Nickel 95%UPLc 95%UPL 

Selenium Regressiona Regressiona * OAd 

Silver 0.18 0.18 

Strontium 1.0e 1.0e 

Thallium 0.71 0.71 

Tin 1.0e 1.0e 

Vanadium Regressiona Regressiona 

Zinc 95%UPLc 0.84 

Cyanide 1.0e 1.0e 

Source: Section 3.3 and Table R-3 In Appendix R of the Elizabeth Copper Mine BERA (URS, 2006). 

Note: The calculated concentrations of metals in invertebrates is provided in mg/kg dry weight because the sediment concentrations 
are reported as mg/kg dry weight and the BSAFs are unitless. 

a the BSAF is calculated based on the following regression models: 

Metal Model 
Cadmium y = 0.191 + 0.668 * (log[sedimentJ) 
Cobalt y = 0.395 + 0.121 * [sediment] 
Copper y =1.230 + 0.079 * (log[sedimentJ) 
Selenium y =1.422 * [sediment] 
Vanadium y =-1.531 + 0.722 * In([sediment)] 

b 95%UPL = the 95% Upper Prediction Limit of the regression model developed for this metal 

C See Appendix A in Bechtel Jacobs Company LLC (1998) for the procedure to calculate a 95%UPL 

d 0.4 is a correction factor to account for the fact that around 60% of the Se is estimated to be contained in the exoskeleton which is 
removed in the final molt before aquatic insects emerge from the water. 

• This BAV was not provided in Appendix R of the Elizabeth Copper Mine BERA (URS, 2006). A conservative value of 1.00 was 
assumed for use in the dose calculations. 

Bechtel Jacobs Company LLC. 1998. Biota-sediment bioaccumulation factors for invertebrates: review and recommendations for the 
Oak Ridge Reservation. BJC/OR-112. Oak Ridge National Laboratory. Oak Ridge, TN. 



 

 

   

 

 

 

 

 
      

 
  

   

 

   

  

 

 

 
  
 
 

 

 
 

 

 
 

 

 
 

 
 

Attachment 5.45: Summary of exposure parameters for wildlife receptors of concern evaluated in the aquatic portion of the BERA 

Representative species 

Home 
Range 
(km) 

Home 
Range 

Reference 

Area 
Use 

Factor 
(AUF) 

Body 
Weight 
(kg ww) 

Dietary Composition Ingestion Rates 

Common 
name 

Scientific 
name 

Food web 
status Pl

an
ts

In
ve

rt
eb

ra
te

s 

fis
h

reference 

Food Water Substrate 

kg 
ww/d re

fe
re

nc
e

liters/d 
kg 

ww/d reference 

AVIAN RECEPTORS 

Tree 
swallow 

Tachycineta 
bicolor 

Aerial 
insectivore 

60 Robertson et 
al. (1992) 

0.75 0.02 100% Sibley (2000) 0.048 Nagy 
(2001) 

0.004 0 assumption1 

Belted 
kingfisher 

Ceryle 
alcyon 

Aquatic 
piscivore 

2.25 Sample & 
Suter (1994) 

1.0 0.148 10% 90% Sample & 
Suter (1994) 

0.115 Nagy 
(2001)2 

0.016 0 Sample & 
Suter (1994) 

MAMMALIAN RECEPTORS 

Small-
footed bat 

Myotis leibii Aerial 
insectivore 

not 
avail. 

- 1.0 0.005 100% DeGraaf et 
al. (1986) 

0.0044 Nagy 
(2001)3 

0.001 0 assumption 

Mink Mustela 
vison 

Semi-
aquatic 

piscivore 

2.63 Sample & 
Suter (1994) 

1.0 1.0 100% USEPA 
(1993); 

Sample & 
Suter, 1994 

0.1995 Nagy 
(2001)4 

0.099 0 Sample & 
Suter (1994) 

Source: Table R-1 in Appendix R of URS (2006). The food ingestion rates in Table R-1 were originally presented in dry weight. These values were converted to wet weight by
 
assuming that fish and emergent insects have a water content equal to 80% and 75%, respectively. The original food ingestion rates in Table R-1 were modified as follows: tree 

swallow = 0.012 kg dw/day x 4 = 0.048 kg ww/day; kingfisher = 0.023 kg dw/day X 5 = 0.115 kg ww/day; small-footed bat = 0.0011 kg dw/day X 4 = 0.0044 kg ww/day; mink = 0.0399 

kg dw/day X 5 = 0.1995 kg ww/day.   


Notes: 

1 assumption based on the assumption from Sample and Suter (1994) that substrate ingestion is negligible for aerial insectivores
 
2 estimated food ingestion rate (kg/day dry weight) for carnivorous birds = (0.849[body weight in grams]0.663)/1000 (Nagy, 2001) 

3 estimated food ingestion rate (kg/day dry weight) for Chiroptera = (0.365[body weight in grams]0.671)/1000 (Nagy, 2001) 

4 estimated food ingestion rate (kg/day dry weight) for Carnivora = (0.102[body weight in grams]0.864)/1000 (Nagy, 2001) 


references: 


De Graaf, R.M. and D.D. Rudis. 1986. New England wildlife: habitat, natural history, and distribution. General Technical Report NE-108. Broomall, PA: USDA, Forest Service, 

Northeatern Forest Experiment Station. 491 p. 


Nagy, K.A. 2001. Food requirements for wild animals: predictive equations for free-living mammals, reptiles, and birds. Nutrition Abstracts and Reviews, Series B: Lifestock Feeds and 

Feeding, Volume 71, No. 10. 


Robertson, R.J., B.J. Stutchbury, and R.R. Cohen. 1992. Tree swallow (Tachycineta bicolor). The Birds of North America, No. 11 (A. Poole and F. Gill, eds.). The Academy of Natural 

Sciences, Philadelphia, and the American Ornithologists’ Union, Washington, DC. 


Sample, B.E. and G.W. Suter. 1994. Estimating exposure of terrestrial wildlife to contaminants. ES/ER/TN-125. Oak Ridge National Laboratory, Oak Ridge, TN. 


Sibley, D.A. 2000. The Sibley guide to birds. New York: Alfred A. Knopf. 544 p. 


U.S. EPA. 1993. Wildlife Exposure Factors Handbook. EPA/600/R-93/187. 



Attachment 5.46: Water content in aquatic and terrestrial invertebrates 

Common Name $cientific name Life stage Water Content r.. rtj(range) 

FRESWATER AQUATIC INVERTEBRATES 

caddis fly Umnephilus affinis larvae 82.5% (80%-85%) whole organism 

crayfish Austropotamobius pal/ipes adult 76% whole' organism 

freshwater crab Potamon niloticus adult(?) 79% (75%-83%) muscle 

aquatic insect Corixa dentipes adult(?) 74.3% whole organism 

amphipod Gammarus pulex adult male 79.8% whole organism 

average water content in freshwater aquatic invertebrates 78.3% 

TERRESTRIAL INVERTEBRATES 

cockroach Periplaneta americana adult; both sexes 69.5% whole organism 

aphid insect Aphis fabae adult 68.1% (64%-72.5%) whol.e organism 

flesh fly Sarcophaga crassipalpis adult female 67.5% whole organism 

tobacco hornworm Manduca sexta caterpillar 84.5% carcass 

fruit fly Drosophila (many species) adult 65% whole organism 

spider beetle Mezium affine adult female 64% whole organism 

scorpion four species adult 64.8% (63%-66.5%) whole organism 

golden rod gall fly Eurosta So/idaginis larvae 60% (58%-62%) whole organism 

apterygote insect Thermobia domestica adult 75.6% whole organism 

average water content in terrestrial invertebrates 68.9% 

Reference 

Sutcliffe, 1961 

Tiwlor et aI., 1987 

Shaw, 1958 

Staddon, 1964 

Sutcliffe, 1971 

Machin et aI., 1991 

Cockbain, 1961 

Yoder and Delinger, 1991 

Reynolds and Bellward, 1989 

Gibbs and Matzkin, 2001 

Benoit et aI., 2005 

Gefen and Ar, 2005 

Williams and Lee, 2005 

Okasha, 1972 



Attachment 5.47: Bioavailability adjustment factors (BAVs) for carnivores 

Diet 

COPEC Birds Mammals 

Aluminum 1.00c 1.00c 

Antimony 1.00 1.00 

Arsenic 1.00 1.00 

Barium 1.00 1.00c 

Beryllium 1.00 1.00 

Cadmium 1.00 0.54 

Chromium 1.00 0.09 

Cobalt 1.00 1.00 

Copper 0.53 1.00 

Lead 0043 1.00 

Manganese 1.00c 1.00c 

Mercury (inorganic) 1.00 0.25 

Mercury (organic) 1.00 1.00 

Molybdenum 1.00c 1.00 

Nickel 1.00 1.00 

Selenium oo44alo4Ob 0.57a/Oo4O b 

Silver 1.00 1.00 

Thallium 1.00c 1.00 

I Vanadium 1.00c 1.00 

Zinc 1.00 1.00 

Cyanide 1.00c 1.00c 
Source: Section 1.0 (Mammals) and Section 2.0 (Birds) In AppendiX S of the Elizabeth Copper Mine BERA (URS, 2006). 

Note 1: The BAVs for sediment were omitted from this attachment because wildlife receptors feeding on aquatic prey are 
assumed not to be exposed to COPECs in sediment via incidental ingestion. 

a This BAV applies to piscivores only 
bThis BAVapplies to insectivores only 
C This BAV was not provided in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). A conservative value of 
1.00 was assumed for use in the dose calculations. 



Attachment 5.48 

Estimated Daily Doses for Tree Swallows at School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


Total 

EDD3 


RME 
Ex osure Point Concentration 

Sediment Surface Water 

COPECs (mg/kg, wet weight)** (ug/L)

Metals 
Aluminum 
Antimony
Arsenic 
Barium 

120.00 
2:4 
2.8 
106 
1.6B~ryllium 

Cadmium' 
Q:6r()Tl1i~Tl1 

...... +.....................0.49
23.3 

Cobalt 
,g.QPP,~f",,,.,, -'" """,~~ .."... , 
Iron 
Cead 

. ·······················24:7·· 
489 

58800 
31.4 

M.flI19f1rleS,El. 655
MElrc;IJIY ·······0.02 
M()IYl:l(jenum. 2:3 
Nickel 22.0 
Seienium2.8 
$ifv~r···.·.· 0.49 
Strontl'um .... 212 
............,..."..,."..,..,.........,...,............. .............. ...,1' .... ..... '34.3 

64:3 

494 
0:6'7 . 
0.19 

'18.13 
0.08 
0.23 

":2:0 
6.8 
222 
569 
2.4 
67.0 
0.1'7

.'. '0.113 
3.3 
8.5 
0:6'7 
160 

"0.53 
37:6 

EDD 
CTE 

Ex 

BSAF 
Total 
EDD3 (mg/kg, wet weight)·· 

0.098 1.0 1.0 2.12E+03 7.41E-02 2.12E+03 
0.2 1.0 1.0 13:60E~61i:oiE~048.61E~of 

0.127 1.0 1.06.41E~612.85E~056.41E-()1
0.951 1.ofOfI32E+()2 ·2.132E~03 .1.132E+02 
0.13 1.0 1.0 3.iiE~01 1.20E-05 3.77E-01 
-0.02 1.0 1.0 -1.41 E-02 3.41 E-05 -1.40E-02 
0:588 1.0 "1:0 ·2.46E+012:98E-04:2.46E+01 
3.39 ···1:01.01.51E+021.01E=031:51E+02
1.44 0.53 1.06:'73E+0:23.33E:02·6.74E+02"·········· ................... 
0.072fo1.oi62E+o38.54E=02'7.62E+03 

'0:066 0:43 To ·f6oE+o03.60E=04 1.60E+00 
a.5()5 1.0 1.0 5.95E+02 1.01E=025:95E+02 
1.08 1.0 1:04.67E=022:55E=05 "4.6'7E~02 

...:;. .T.o '1.0 4.70E+OO . 2.67E::054.70E+OO 
1.32 1.0·1:05.24E+oi 5.02E=04 5. 24E+01 
1.5'7 0.40 1.03.13E+obT2I3E=()33.13E+00
0:1S1.() 1.0 1.59E=011.o1E-041.59E:of 
1.0 ·····1:0 T03.siE+02· 2.40E=023.l3iE+o:2 
1.02f.01.0 6.29E+61'8,01E=056.29E+oi
0.84 . fof09:i3E+015ME=039.73E+01 

7007 
3.5 
2.0 

62.1 
0.56 

Surface Water 
(ug/L)

395 
13.6 
32.5 
17.4 
2.6 

BSAF 

1.0 1.24E+03 5.92E-02 
1.01.2'7E+002:05E=03 
1.04.62E:014.87E~03 
1.01.06E+o2 2.61E-03 
1 . 01.3iE:013:84E~04 ...""....... " ........... ,.. ", ..... " .. ,.............." 


3.64E-02 6.12E-05 
2·.16E+6T4:52E~64 
4.94E+01 'K85E:04 
4.08E+021:76E=02 
i.85E+036:21E=o21.85 

·4:04E:015.70E:·044:()
4:o2E+626.22E=034:02E 

..5.57E:021:39E=055.S'7' 
···2:52E+()O'2:43I~.:()42:52E+()0 

3:36E+of4.64E:04 ·3.30Fi.rr 
2:23E+002:64E=042:23E+06 
2.17E-011.46E:042.1iE:01 
3:S0E+'02"2:·f3"E=023.50E+02" 

f.03:f6E+oT3:3fE:04HsE+of 
fO"S:67E+Or"3:52E=o3s:i37E+oi 

Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 
, - The regression equation used to calculate the cadmium BSAF produced a negative value. 
mglkg - milligrams per kilogram 
uglL - micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

EDD - Estimated Daily Dose 

DF - Dose Fraction for invertebrates 

BAV - Bioavailability Adjustment Factor 

BSAF - Biota-Sediment Accumulation Factor (for emergent aquatic insects) 

... ~ Aluminum, antimony. cadmium. iron. lead, mercury, nickel. and silver were not selected as COPECs in fish. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 

The CTE value represents the mean concentration. 

- ~Beryllium was not selected as COPECs in surface water. The RME value represents the maximum detected concentration or if not detected one half of the maximum nan-detect detection limit. 

The CTE value represents the mean concentration. 

* - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron or strontium was listed, 100% bioavailability was assumed. 

Equations 


1 EDD",,,, = 11<.,,,, X BSAF X C"", X DF, X AUF X BAV 1BW Area Use Factor (AUF) 0.75 

2 EDDwalM = IRw"M Xc..- XAUF 1BW Body Weight (BW) 0.02 

3 Total EDD = EDDdl., + EDOw,w 11<..,0.048 

IRw."" 0.004 

BSAF Calculations 

Cadmium 0.191+ (0.66S*LOG[sedimentj) 

Cobalt 0.395+0.121'[sediment] 

Copper 1.23+ (0.079'LOG[sedimentj) 

Seleniuln 1,422*[sediment]'0.4 

Vanadium -1.531+ (O.72Z'LN[sedimentj) 

BSAF for nickel equals the 95% Upper Prediction Limit (UPL) of regreSSion calculated by Bechtel (1998b); calculated according to Appendix A in Bechtel(1998b). 

Created by: RAR 5/5/2008 
School-Tree Swallow.xlsRME·CTE· Dose 1011 QC'd by: EK 5/1212008 
G:\ALLSHARE\ESATB10\Ely ~ine\8ERA\Food Chain ModeJing\$chool House\ 

http:3.30Fi.rr
http:i.85E+036:21E=o21.85


Attachment 5.49 
Estimated Daily Doses for Tree Swallows in the Upstream Reference Section of School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


RME CTE 
Ex osure Point Concentration Diet Ex osure Point Concentration Diet 

Sediment Surface Water Sediment Surface Water Total Total 
(mg/kg, wet weight)** (ug/L) BSAF BAV· OF (mg/kg, wet weight)"· (ug/L) BSAF BAV" OFEDD EDD 

12000 599 0.098 1.0 1.0 2.12E+03 8.98E-02 2.12E+03 1.0 1.0 1.29E+03 2.74E-02 1.29E+03 
'"'">" ••• ,.",•• ,-, ••_~•• - ......"" ...." 

~r70E~03 f16E+000.15 0.10 ···0:2 1.0 1.0 5.40E~02 1.50E~01f ·5.401::=02 f 1.0 1~.15E+00 
3.0 0.18 0.127 1.0 1.0 6.86E=01 2.70E=05 ····6.861::=01 1.0 1.0 4.92E=01· l.i:'i6E=03 4.97E=o1

···1.0 :f.o ·~2:48E:03 1:1TE+02148 19.5 0.951 1.0 2.92E~03 2.541::+02· 1.0 ~r1fE+02 
,~.~ '·_·".,m·~"'~"·._·..•.._· __ ,__m_m.~."""·~"_·._,,fo·· .··4.69E:01·~2.0 5.0 0.13 1.0 7.501::=04 1.0 1.0 1.41 E-01 4.13E-04 1:411::=01 

1.5 0.02 0.31 
.---

1.0 1.0 3:00E=06· 8.33E=01 0.03 T.o~ 1.0 ~2:89E-·02T63E=04 ·2:91E=02 
52.0 3.0 0.588 1.0 1.0 4.50E=04· 5.50E+ 0.588 1.0 1.0 2:45E+014.04E=04 2.45E+01 
6.0 0.50 1:12 1.0 1.0 7.50E=05 1.201::+ 1.00 1.0 1.0 9.T1E+OO~ 1:96E=0,f ·9.11E+00 
14.6 1.3 1.32 ... 0.53 1.0 +01 1.92E=04 1.84E+01 1.31 0.53 .. 1:0 fj1E+of2.34E:04~ 1.31E+01 

25800 726 0.O7? 1.0 1.0 3.34E+03 ·1.09E=01 3.34E+03 0.072 1.0 ··1.0 1.29E+03~ T44E=02~ ··{29E+03 
11.2 0.82 0.066 0.43 1.0 5.72E-01 1.23E=04 5.72E-01 ·0.066 0:43 1.0 2.i4E=018.98E=04 2.751::=01..
599 28.1 0.505 1.0 1.0 5:45E+02 4.21E=03 5.45E+02 0.505 T.o 1.0 4:02E+02 T45E=03 4.02E+02 

COPECs 
Metals 
Aluminum 
AntiIllClny ... 
Arsenic 
E3.<3.r.ilJlll. 
l:lE:lryllilJlll
Cadmium 
""'-"..'.".'-'".-" ...." ..'" 

Chromium 
¢o~alt·········· 

g()PPE:lL~
Ir()n 
L.E:l.<3.cl 
M<3nganesE:l .... 
ME:lr<:lJry ... . 
Mo.lY!:>cl.E:ll1lJlll 
Nickel .. 

um 
§iIYE:lL .. 
§tr()l1ti.u.Ill.... 
Ih<3llilJll1~ 
\I?nadilJlll .. 
Zinc 

......... ~.~ .. 
~~0.01 0.10 1.08 1.0 1.0 252E=02 {50E=05 2.72E-02 1.08 1.0 1.0 
0.28 0.34 {15 1.0 1.0 5.80E=01 5.10E=05 5.80E=01 1.15 1.0 1.0 1.14E+00 
21.0 0.76 1.33 1.0 1.0 5.041::+01 1.141::-64· 5.04E+01 1.42 ·1.0 1.0 3:40E+01 
0.30 1.7 0.17 0.46 1.0 3:69E=02 2:551::=04 T71E-02 0.40 ·0.40 ·1.0 2:ofE=01 
0.36 2.5 0.18 

.. 

1.0 1:0 1.17E=01 3.751::=04 1.171::-61 0.18 1.0 1.0 3:14E=61 
257 169 1.0 1.0 1.0 4.631::+02 2:531::=02 4:63E+:02 1.0 T.o· 1.0

-._. 

~4:13E 
... ,-...-. . " ...

20.0 2.6 0.71 1.0 1.0 2.56E+01 ··3.83E=04 2.56E+01 0.71 1.0 1.0 3.54E 
29.7 0.57 0.92 1.0 1.0 4:911::+01 8.611::=05 4.91E+01 ~6:68 1.0 1.0 2.64E+01 ..

40.1 24.3 0.84 1.0 1.0 6.071::+01 3.641::=63 6.07E+of ··0:84 To To ~4:36I~+01 1:ioE=03 4.36E+01 

.. ··~·~·E=05 5.97E=02 
.74E=04 ~1.14E+00 
:02E:0,4 ·3.40E+01 
:71E=65 2.01E=01 
.54E:0~5~ ·3:14E=o1 

2.08E-02 4.13E+02 
8.75E=05 3:54E+00 
:r:38E~04 2.64E+01 

Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 

mglkg - milligrams per kilogram 
ug/L - micrograms per liter 
mg/kg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concem 
EDD - Estimated Daily Dose 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
DF - Dose Fraction for invertebrates 
BAV - Bioavailability Adjustment Factor 
BSAF - Biota-Sediment Accumulation Factor (for emergent aquatic insects) 
., - Aluminum, antimony, arsenic, cobalt, copper, iron, lead, nickel, and zinc were not selected as COPECs in fish. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 
The CTE value represents the mean concentration. 
- Beryllium. selenium, and thallium were not selected as COPECs in surface water. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 
The CTE value represents the mean concentration. • 

, - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for stronlium was listed, 100% bioavailability was assumed. 
Equations 

1 EDD"at = IR"", X BSAF X Cood X DF, X AUF X BAV I BW Area Use Factor (AUF) 0.75 

2 EDDw.." = IRw"" X Cw"" XAUF I BW Body Weight (BW) 0.02 

3 Total EDD = EDDdi~ + EDDwot" 1R"",0.048 

IR,~,,, 0.004 

BSAF Calculations 

Cadmium 0.191+ (0.668'LOG[sediment]) 

Cobalt 0.395+ (0.121'[sediment)) 

Copper 1.23+ (0.079'LOG[sediment)) 

Selenium 1A22'{sediment]*OA 

Vanadium -1.531 + (0.722'LN[sediment]) 

BSAF for nickel equals the 95% Upper Prediction Limit (UPL) of regression calculated by Bechtel (1998b); calculated according to Appendix A in Bechtel(1998b). 

Created by: RAR 516/2008 
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Attachment 5.50 

Estimated Daily Doses for Tree Swallows at the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


........,.,. c':::c".", .." 


iEio'" 1.08 .1.;.0 1.04.67E:OZ3.00E:054.67E~OZ1:Q8To.... 
0.17 1.15.1,Q 1.0 2:28E+00 2.60E-05:?:~iJ~!'QQ .. 1,2§ "'{O 

1.33 1.0 1.05.64E+61z:Z4E:04 5.04E+01 1,43'~1"Xr1:49 
5.8 0,46 g,49 1.0 2.69E-01 8.76E~04 2.'70E:61 0:93 ();:<IQ 

0.18 1.0 1.01:8§~:oT 4.80E=06 1.85E~01"Q."iil 1.0 
Strontium ."i:<1!').... 

0.03 
fo 1.0 ... 1.:.0. 3,47E+02'" ·2.24E:62 3.47E+021,.o 1.0

Thallium"···· 12.5 0.71"1.6 1.0 i.76E+011.88E=0'3T.76E+01 0.711.0 
1.28 1.0 1.0 1.13E+02 1.37E-04 1.13E+02 0.62 1.0 

Zinc 629 
0.91\l'Cirl.CicliU.rTl . 

'0.841:0" T08:88E"+oT ···9.44E=02"S.89E+ofo:84 . 
Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 

RME 
Ex osure Point Concentration Diet 

Surface Water 

CTE 
Ex osure Point Concentration 

Surface Water 

Diet 

COPECs 

Sediment 
(mg/kg, wet weight)" (ug/L)- BSAF BAV' DF 

Total 
EDD3 

Sediment 
(mg/kg, wet weight)" (ug/L)- BSAF (BAV)' DF EDDd1e•1 EDDwa••/ 

Metals 
Aluminum 
Arltilll()I)X 
ArllElrlic 
Barium 

380 
0.76 
0.20 
19,4 
5.0 
0.09 
1.2 
0.67 

0.098 .1,9 1.0 2,47E+03 5.70E-02 2,47E+03 ............. c •.". ","1 0.098 1.0 1::1~E::J:9? 2.58E-02 
0.21·()LQ6:48E~01 . 1.14E~046A8~~QL .........."."+ ..,,......:..':::.:.L......... •1'0.2 ·· .. 1...0 

?~rYiljurli~" 
fCiclrTliu.rTlA. 
Chromium 
Cobali 
f9Pp~r~ 
IC()IL. 
Lead 

"23,9 
332 
0,43 
34.3 

0.127 1.0 1.0 "1:14E+00 ·····3:00E=05 1.14E+000:127 .... io.. 
0.951 1.0 1.0' 1.54E+02 2.91E~03 1.54E+02 +" .."... :cc':.c ..".....,.. t 0.9511.0 
0.131.0 1.0X21E=017.50E~04 4.22E~01 0.13 1.0 
-0.31 ...1,(). 1.0 ~9.93E~02 1.34E-05 -9.93E~02 .,':::...':::,_...............1 0:05 .......... 1,9 ... . 
0:588 1.0 1.0 3:33E+01 . ·1.80E=04 3.33"E+010:588 1.0 
3.84 1.0 1.0 1.97E+02 1.01E-04 1.97E+02 1.52 .".J.:.Q... 
1,400~53 1.01.69E+OZ3.58E=031:69E+02 .,,···;·c·co........... 1"1:38 0.53 

0.072 1.0 1.0 2.95E+03 4.98E-02 2.95E+03 .... ,.+" .......... ".;"; ...,, ........t 0.072 1.0 
0.066"0.43 1.0 '5:'62E=01 6,44E-055:62E=01 '0:066.9::1:1.. 
0.505 .....1.,Q. 1.0 4.32E+02 5.15E-03 4.32E+02 II,,,.., .. ",..... +········· c:::·cc········· I 0.5Q..§.: 1.0 

1.0 2.35E-01 

1.0 5.80E+00 3.08E-04 
·f02:22E+015.87E=64 

To'i])6.59E+01· ~'1:41'E:O:r 

Total 
EDD3 

A _ The regression equation used to calculate the cadmium BSAF produced a negative value. 

mglkg - milligrams per kilogram 
uglL - micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 

COPECs - ChemicalS of Potential Ecological Concern 
EBOR - East Branch of the Ompompanoosuc River 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 

EDD - Estimated Daily Dose 
DF - Dose Fraction for invertebrates 

BAV - Bioavailability Adjustment Factor 
BSAF - Biota-Sediment Accumulation Factor (for emergent aquatic insects) 
** - Aluminum, antimony, cadmium, iron, lead, mercury. nickel, and silver were not selected as COPECs in fish. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 

The CTE value represents the mean concentration. 
- -Beryllium was not selected as COPECs in surface water. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. The CTE value represents the mean concentration . 
• - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron or strontium was listed, 100% bioavailability was assumed. 

Equations 

1 EDDm" = 1Rrn."X BSAF X Cood X DF, X AUF X BAV 1BW 

2 EDDw,,,,,, = IRw""" X Cwo,,,, X AUF 1BW Area Use Factor (AUF) 0.75 

3 Total EDD = EDD~cl + EDDw",,,, Body Weight (BW) 0.02 

1Rrn."O.048 
IRw<ltm 0.004 

BSAF Calculations 
Cadmium 0.191+ (0.668·LOG[sedimentJ) 
Cobalt 0.395+0.121*[sediment] 
Copper 1.23+ (0.079*LOG[sedimentJ) 

Selenium 1.422'[sediment]*0.4 


BSAF for nickel equals the 95% Upper Prediction Limit (UPL) of regression calculated by Bechtel (1998b); calculated according to Appendix A in Bechtel(1998b). 


Created by: RAR 5/512008
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Attachment 5.51 

Estimated Daily Doses for Tree Swallows at the Upstream Reference Section of the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


6600 357 

Total 
EDD 

0.098 1.0 1.0 1.16E+03 5.. 3tlE::Q2 .L1tlE:+03 
0.2 1.0 1.06:84E~02 9.75E-06 6.84E-02 

5600 
3.5 
4.9 

79:4 
0.75 
0.53 
20.9 
2:..8:. 
3.2 

4383 
7.5 .27S········ 

0.02 
0.16 
7.8
OlE· 
0.76 
198 
9.1"" ... wio:3 
22:2 

Total 
EDDCOPECs 

Metals 
Aluminum 
Al1tirn(jny 
.Ars~E!l1i<:: .. 
Barium 
i:l~;Ylli~1l, 
G.Ci<l.rniyrn 
Chromium
Cobalt··········· 
<:;oPPllr 
Iron 
.L.~;'~... 
M§nJl§f1e.~e. 
Mercury 
M(jiyl:>denum 
Ni<::!<e.L 
Selenium
Silver··············· 
Strontium 
rb;'llillll, 
Vanadiumzinc······ 

0.19 
3.0 
187 

·1:6 
1.5 

37.0
··4.5 

4.5 
6420 
9.6 
475 
0.03 
0.16 
11.7 
5.0 
0.28 
198 
17.5·······················38.0 

...... ·33.0 

0.07 

.1.00 .. 
 0.1271.0 1.06.86E~01 1.50E~02 7:o1E~01 

0:9511:0 1.0 ·i20E+02 i90E-:'03 3.20E+0226.0 
O.i3To1.oi74E:oi i:50E=04·· ii5E:01 5.0 

2.5 0.31 1.0 1.0 8.33E-01 3.75E-04 8.34E-01 
0.588 1.0 1.0 3.92E+01 1.95E-04 3.92E+011.3

0.24····· ··0.94 ··1:0 .. j)1.7.61E+ooi60E:057.61E+OO
··········1.1·· 1 :2S0:53 1.05:50E+00 ·1.65E:045.50E+OO 

318 0.07i 1.01.0S.32E+02 4.7iE~02 S.32E+02 
0.0660.43 1.0 4.90E-01 7.50E~05 4.90E=010.50 
0.505 ··1.0 ··1.0 4.32E+024.83E:03 ·4.32E+02·32i 
1.os1.0i:05:83E-027:50E:(j65.S3E:Q20.1 
1.151.0 1.0 3.31E-01 3.00E:05 3.31E-01 

...... Q.tl? 
0.20 

1.44 1.0 1.0 3.03E+019.75E:05 3.03E+01 
····2:S40.40 (oi.o2E+01·~2.55E:04· i02E+oi......... 1]


0.02 . ·······0.181.0 1.09:07E~022:25E~069:07E:02 
197 1.0 1.0 1.03.56E+02 2.96E:(ji 3.56E+02 

0.7 1.0 1.0 2.24E+01 iS3E:(j4 2.24E+012.6 
·0.91 T101:01.0 ·7.49E+011.37E:Q47.49E+01·

·············1o.i·· o.84foT.0'L99E+of 1.61E:Q3 "4.99E+01 
Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the east branch of the Ompompanoosuc River, 
mglkg - milligrams per kilogram 
ug/l • micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EBOR· East Branch of tf:\e Ompompanoosuc River 
EDD - Estimated Daily Dose 
RME· Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
OF - Dose Fraction for invertebrates 
BAV - Bloavailabillty Adjustment Factor 
BSAF ~ Biota~Sediment Accumulation Factor (for emergent aquatic insects) 
... ~ Aluminum, antimony, chromium, cobalt, copper, iron, lead, manganese, nickel, silver, vanadium, and zinc were not selected as COPECs in sediment. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 

The CTE value represents the mean concentration. 

- --Beryllium. cadmium, selenium, and thallium were not selected as COPECs in' surface water. The RME value represents the maximum detected concentration or if not detected one half of the maximum non~detect detection limit. The eTE value represents the mean concentration. 

Equations 

1 EDDd.. = IRa., X BSAF XC"", X DF,XAUF X BAV IBW Area Use Factor (AUF) 0.75 

2 EDD~,« = IR,.",« X Cw,,« X AUF I BW Body Weight (BW) 0.02 

3 Total EDD = EDD,io1 + EDD~,« IRa,,, 0.048 
1Rwalfl1 0,004 

BSAF Calculations 

Cadmium 0,191 +0.668·LOGlsedimentj 

Cobalt 0.395+0.121·[sedimentj 

Copper 1.23+0.079·LOG[sedimentj 

Selenium 1.422'[ sedimentj'OA 

Vanadium -1.531 +0.722'LN(sediment) 

BSAF for nickel equals the 95% Upper Prediction Limit (UPL) of regression calculated by Bechtel (1998b); calculated according to Appendix A in Bechtel(1998b). 

Created by: RAR 5/5/2008G:\ALLSHARE\ESATB10\8y Mlne\BERA\Focxi Chain Modeling\Ompom\ 
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Attachment 5.52 

Estimated Daily Doses for the Eastern Small-footed Bats at School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


EOD 
RME 

Ex osure Point Concentration Diet Water 

COPECs 
Metals 
Aluminum 
Antimon 
6rsEOl1i.c:....... 
Barium 
I:3EOrylli llll1.... 
Cadmium" 
£hr:Qll}furn
Cobalt 
9C>PPEOf ...... 
Iron 
Lead 

Sediment 
(mg/kg, wet weight)* 

12000 
2.4 
2.8 
106 
1.6 

0.49 
'23:3 
24.7 
489 

58800 
31.4 

M"Jlg"Jl~s~ .·············· .. 655 . 

.M~rc:llry . 0.02 
MC>ly.~(jEOI111rTl 2.3Nickel ........ ······22.0 

Seleniumsiiver·········· 
§j[QrltiiJrn 
Y§I1,,(ji llrTl.. 
Zinc 

2.8 
0.49 
212 
34j' 

,<·o,,~""~"'V~W_~M· ~ 

64.3 

Surface Water 
(ug/L)** BSAF BAV OF 

Total 
EOD 

494 0.098 1.0 1.0 1.03E+03 9.88E-02 1.03E+03 
0.67 0.2.0 1.0 4.21 E-01 1.34E-04 ...4:,.?1. E~01 
0.19 '0.12 .0 f() 3.13E-01 3.80E-05 3.13E-01 
18.80.951.ofos:89E+oT 3.76E-03 'ifs9E+oT 
0.08 0.13 1.0 1.0 1.84E-011.60E-051.84E-01 
0.23~0:02 0.54 1.0 -3.71E-04:54E:05-3.6iE-03 
2.0 .. ··0.58S0.09 ···1.01.08E 3:97E:04·1.0SE+OO 
6.83.39 1.0 '1.0 7.37E+011.35E=03·i:37E+01 
222 1.44 1.0 1.0 6.21 E+02 4.43E-026:21E+02· 
5690:oi2 1.0 1.0 3.73E+03 1.14E-013.i3E+03 

·················'2:4 '0.066 1.0 1.0 ·····1:82E+004.8oE=o4i82E+oO 
67.0' ....... ·0.5·05T.0 '1.0 ····'2:91E+021:34E=02·2.91E+02 
0.17 1.08 0.25 1.0 5.70E-03 3.40E-055.74E-03 
0.18 1.15 1.0' f.() 2,30E+003.56E:052.30E+OO 
3.3 1.32 1.01.0 2.56E+ 6.69E=04·2.56E+01 
8.5 1.57 . '0.40 "'1:0 1.53E+1.ioE=031.53E+00 
0.67 0.18 1.0 1.0 7.76E 1:34E-04 7.78E-02 
160 1.0 1.0 1.0 1.86E+02 3.20E-02 1.87E+02 
0.53 1.02 1.0 1.03:0SE+01 1.07E=043:08E+0'1 
37.6 .·····0.84' ... {01.() ·4:i5E+o1·i.52E:03 4:76E+01 

CTE 
Ex osure Point Concentration 

Sediment 
(mg/kg, wet weight)

7007 
3.5 
2.0 

Surface Water 
(ug/L)-* BSAF BAV

395 0.098 1. 
13.6 0.2 1.0 
32.5 0.127 1.0 

DF 

·····62:1 ....................... "17.4 .. ····0.951·1:0 

0.56 
0.58 
fi5:8 
13.5 
300 

14267 
7.9 
442 
0.03 
1.2 

12.9 
2.3 

0.67 
194 
23.5 

'57:4 

26 Q13 1~ 

0.410.03 0.54 
3.0 0.588 0.09 

.. ....... ····4.6 . ·····;i:031.0·· 

117 1.43 1.0 
414 0.072 1.0 
3.8 ...... ····0.0661:0 1.0 
41.5 ··········0:505 '1.0 1. 
0.09 1.08 ().25 1. 
1.6 1.15 1.0 1.0 
3.11.421.0 1.0 
1.8 1.33 "'(:i:4() 1.0 

0.97 0.18 1.0 1.0 
142 1.0 1 1.0 
2.2 0.75 1.0 1.0 

'23.5 ···········0:84· 1.0··To 

EDO 

Total 
EDO 

6.04E+02 
6.22E-01 

Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 

, - The regression equation used to calculate the cadmium BSAF produced a negative value. 

mglkg - milligrams per kilogram 

ugll - micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EDD - Estimated Daily Dose 
RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 
DF - Dose Fraction of Invertebrates 
BSAFs - Biota-Sediment Accumulation Factors for emergent aquatic invertebrates 
BAV - Bioavailability Adjustment Factor 

'- Aluminum, antimony, cadmium, iron, lead, mercury, nickel, and silver were not selected as sediment COPECs. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 
The CTE value represents the mean concentration. 

"- Beryllium was not selected as a surface water COPEC. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. The CTE value represents the mean concentration. 

- - Source: Section 1.0 (mammals) and Section 2.0 (BirdS) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron or strontium was listed, 100% bioavailability was assumed. 
Equations 

1 EDDd,ot = IR.,,,X C,,,, X DF, X AUF X BAV I BW Area Use Factor (AUF) 1.0 

2 EDD""•., =IR."M X Cw.", XAUF I BW Body Weight (BW) 0.005 
3 Total EDD = EDDdlcl + EDDw••., IR",. 0.0044 

IR.,.", 0.001 

BSAF Calculations 


Cadmium 0.191 + (0.668'lOG[sedimentJ) 


Cobalt 0.395+0.121·[sediment] 


Copper 1.23+ (0.079·LOG[sedimentJ) 


Selenium 1.4221sedimentj'0.4 


Vanadium -1.531 + 0.722·lN[sediment] 


BSAF for nickel equals the 95% Upper Prediction Limit (UPl) of regression calculated by Bechtel (1998b); calculated according to Appendix A in Bechtel (1998b). 
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Attachment 5.53 

Estimated Daily Doses for the Eastern Small-footed Bats at the Reference Section of School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 

RME 
Exposure Point Concentration 

EDD 
(mg/kg bw-day) CTE 

Exposure Point Concentration 

Dose 
(mll/kll bw-davl 

Diet Water 

Total 
EDD 

Diet Water 

Total 
EDD 

Sediment 
(mg/kg, wet weight)' 

Surface Water 
(ug/L)** BSAF BAV DF EDDdj.,' 

Sediment 
(mg/kg, wet weight)* 

Surface Water 
(ug/L)** BSAF BAV DF EDD dlo " 

Metals 
Aluminum 12000 
An~;;';Clny .. "0:15' ... 
Arsenic 3.0 
J:!"'EitJl1,1..... 148
f?El!ylliLJI1,1.. .... .. .... ·······2:0 
9",(jI1,1Lul1,1 ...... .. ... 1.5 
ghr()l1,1iul1,1 . '52.0 
9()Q",IL 6.0 
gClPPElf .. ... ......... ... ... ... ."14:6 
Ir()1125800Lead .... ..... 11.2 
M;;~g;;I1El~~ •..•••.. .599 
!v:1.Elrc:YI)' .....0.01
MCllyQ(jElI1LJI1,1 . ········0:28 
Nic;kel ......... '21.0 
§ElIElrliul1,1 .. .... ..... ........ 0.30 
§ilvElE ..... ......... ....... .. ····0:36
$tr()ntitJI1,1257..' 
Thallium 20.0 
YClIlClcl iu.rT1 ................. .
Zinc 

29.7 
40:1 

.... 

"

.... 

599 .... 0.098 1.0 1.0 1.03E+03 1.20E-01 ..1:0:3E:!Q~. 7308 
0:100:21:0' 1.0 2.64E-02 2.00E~05 2.64E-02 3.2 
0.18 0.127 1.0 1.0 3.35E-01 3.60E-05 3.35E-01 2.2 
19.5 0.951 1.0 1.0 1.24E+02 3.89E-03 1.24E+02 ... 64.7 ................
5.0 ... 0.13{01:02.2!:iE:01i.00E:032.30E~01 ..... ...... 0.60 

....0.02 0.310:541:02:20E=01 4:00E-06"2:20E=010:'5Y ..... 

········o:~~ .. °tf~8 °t{ilH~!1~~H~l~lHU1~r·••.···Xo:: 
'726'0:072 1.01.0 1:63E+03 ···.,:45E-01 1.63E+039928 ..... 

0.82 0.066 1.0 1.0 6.50E-01 1.64E-04 6.51 E-01 504 
28.1 0.505 1.0 1.0 2.66E+02 5.62E-03 2.66E+02 442 ....................... 
O.101.080:251:03:33E-03 2.00E=053.35E=03 i 0.03 
0.341.. 1~. ..... 1.9· 1.0 2.83E-016.80E=05·i.83E~01 0.55 
0.76 1.33 1.0 1.0 2.46E+01 1.52E-042.46E+01 13.3 

.......... 

1.7 0.17 0.40 1.0 1.80E-02 3.40E-04 1·.84E=02 0.70 
..........2.50:18 1.0 1.05:iOI::=02 5.00E:045:75E-02 I 0.97

169 ............... 1.0 1.0 1.0 2.26E+02 3.37E=02 "2:26E+02 I 230 .. , 

......

2.6 0.71 1.0 1.0 1.25E+01 5.10E-04 1.25E+01 2.8 
0.57 0.92 1.0 1.0 2.40E+01 1.15E-04 2.40E+01 21.5 
24.30:841.01.0 2.97E+oi 4.85E=03 2:97E+of28:8 

.. 

I 

I 

183 ..... 0.0981:~ ..1:~ 6.30E+02 3.65E-02 6.30E+02 
'11.3 0.2 1.0 1.05:641::=01 2.27E-03"·5:66E=01 

31.7 0.127 1.0 1.02.40E=oi·6:35E=03 2.47E-01 
16.6 0.9511.0 1.0 5.42E+013.31E=03S:42E+()1
2:8'" ... ..0:131:01:06:89E=oT "S-:50E=04''il:95E=02' 
1:i·0.6:f·1:0'7:63E=O'3· "2~17E=0:r 'T85E=03 
2.7 0.588 1.0 i08E+00·5:38E=a41.08E+()0
1.31.004:45E+00i:61E=04 4.45E+00 
1.6 ·······1.31 1.01:21E+O·"·-3:12E=o4 1.21 E+01 
i630~()Y21:a 1.06.29E:;'O-2~T2frE:02 .'-il:29E+02 
6.0 .·····().066 1.0 1.0 3.12E-011:20E=03Ij3E-01
16.3 0.505 1.0 1.0 {96E:;'023:26E~03 1.96E+02o:oi ... ···T08 . '-6.251:0 ·Y:i9E:a3-i.43E=0-§· i.31E-03 

-1.2 ..... ..._... '-----1.15 '1:0 ···f05:55E=of .o2:32E-=04· -5~§6E~61 
1.31.42 1.0 1.01.66E+012.70E=04 1.66E+01 
051 040 0.40 1.09:132E:02 f03E=a49:83E-02 
O~44 .......... 0: 181.01.0T54E=01··8:72E=O§1:54E:01 
1391:0' 1.0 1.0-2:02E+02·o2:78E=02"2:02E+02 
0.58 ... 0.71 1.0 1.0 1.73E+Oo1.1iE=04 1.73E+00 
0.92 0.68 1.0 1.0 1:29E+011:84E-041.29E+01 
ijO:S4T6 ·"1.0 -2:13E+oir46E:QS' i:13E+()1 

Note: The metals shown In th,s Attachment are those ,dentlfied as surface water and sed,ment COPECs In the ,mpacted reach of School House Brook. 
mgikg - milligrams per kilogram 
uglL - micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EDD - Estimated Daily Dose 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
OF - Dose Fraction of invertebrates 
BSAFs - Biota-Sediment Accumulation Factors for emergent aquatic invertebrates 
BAV - Bioavailability Adjustment Factor 
"-Aluminum, antimony, arsenic, cobalt, copper, iron, lead, nickel, and zinc were not selected as sediment COPECs. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 
The eTE value represents the mean concentration. 
"- Beryllium, selenium, and thallium were not selected as surface water COPECs. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. The CTE value represents the mean concentration. 

- - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron or strontium was listed, 100% bioavailabilitywas assumed. 
Equations 

1 E9D"", = IR,,,,,XC,,,,,X DF,XAUF X BAV IBW Area Use Factor (AUF) 1.0 

2 EDDwn,o< = IRwn'" X Cw.,,, X AUF 1 BW Body Weight (BW) 0.005 

3 Total EDD =EDD"", + ED OW"" IR." 0.0044 

IRwn'" 0.001 
BSAF Calculations 

Cadmium 0.191+ (0.668'LOG[sediment]) 

Cobalt 0.395+0.121'[sedimentJ 

Copper 1.23+ (0.079'LOG{sediment]) 

Selenium 1.422'{sediment]'0.4 

Vanadium -1.531 + 0.722'LN[sedimentJ 

BSAF for nickel equals the 95% Upper Prediction Limit (UPL) of regression calculated by Bechtel (1998b): calculated according to Appendix A in Bechtel (1998b). 

Created by: RAR 511312008 
Sc~Eastem smalHoo!oo bat-REF.xlsRME-CTE Dos.o 1011 QC'd by: EK 5/1912008
G:\AlLSHARBESATBIO\8y Mine\BERA\Food Chain Mode!IOg\Schooi Houso\ 



Attachment 5.54 

Estimated Daily Doses for the Eastern Small-footed Bats at the EBOR 


Ely Mine Copper Superfund Site, Vershire, VT 


RME 
EDD 

(mg/kg bw-day) CTE 
Exposure Point Concentration Water Exposure Point Concentration 

COPECs 
Metals 

Sediment 
(mg/kg, wet weight)' 

14000
····fa 

5.0 
90.0 

'1.8 
............. 0.18 

31.5 
28.5 

····127 
"22800 

11.0 
475 

'0.02 
'1:1 
21.0 
0.81 

······0:57 
······193 

13.8 
49:0 
5i3.7 

Surface Water 
(ug/L)** BSAF 

380 0.098 1.0 1.0 1.21 E+03 7.60E-02 
.. ··············0:76 ·~··············0~2·~ 'fo' 1:0'3:r7E=01 ·1.52E=04 

0.200.127 1.0 1.05.591::=01 4.00E-05 
19.4 0.951 1.0 1.0 i54E+01 3.881::=03 

'(;:0 .. ···0.13i:0 {02.06E-01foOE=03 
0.09 . ":'-0.31' 0.54 "1.0 =2.62E=02 1.781::=05 
1.2 .0.588 0.09 1.01.47E+00· 2.40E=04 

0.67 3.84 1.0' 1.0 9.64E+01 1,35E=()4 
23§ "1.40 1.0 ·1.oEi6E+024:'18E=03 
332 0:072 Toi:of44E+036:63E=02 
0.43 ().066 1.0 1.06,391=:-01 8.58E=05 
34.3 0.505 1.0 1.0 2.11 E+02 6.86E-03 

'0.20 1.08 ·0.251.05.70E=034:00E=05 
.. 0.1'1 '1.15 1.0 1:01:ifE+003:46E::05 

1.5 1.33 1.0 1.02.46E+01 2. 
5.8 0.46 0.40 1.01,31E-01· 1 

Total 
EDD 

O:.Q3.()~:j~ ·1.()1.09.03E=02 6.40E-06 9.03E-02 
149 1.0:1.0'1:0 T70E+02 2.98E:0~2 T70E+02 
12.5 0.71 1.0 1.0 8.59E+00 2.50E=038.59E+00 
0.91 1.28 1.01.0 S.51E+()11.82E=04 5.s1E+01 

... '629"'0:84 .... ·~1.0 ···:r04~34E+011.i6E:oi4,3SE+01 

Sediment 
(mg/kg, wet weight)' 

7847···········37 
2.6 

46,3 
0.40 
0.62 '" 
18.9 
9.3 
76.3 

~·········10694· 

6:0 
355 
0:03" 
0.92" 
12.6 
1.6 

"'0:72' 
193 
4.5 
19.8

········43.6···· 

Surface Water 
(ug/L)** BSAF 

Total 
EDD 

Aluminum 
Antifl10ny 
Arsenic:: 
!3§1~Llfl1 
f?~ryIILlJfl1 
(;§leJfl1iYfl1A 
9hr()fl1iym 
<::Q9§11! 
<::9PPEli. 
Ir()!} 
bElaeJ 
to.§11l9§1IlElS,El 
MElrQury~ 
M9IY9eJE;f1Yfl1.. 
J'liQkElL. 
§ElJElniYfl1 
§JIYElE 
§tr()!}tillfl1 
Ih§lliiufl1 
Y§ln§leJLYfl1
Zinc 
Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the east branch of the Ompompanoosuc River. 
A _ The regression equation used to calculate the cadmium BSAF produced a negative value. 
mglkg - milligrams per kilogram 
uglL - micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EBOR - East Branch of the Ompompanoosuc River 
EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
OF - Dose Fraction of Invertebrates 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
BSAFs - Biota-Sediment Accumulation Factors for emergent aquatic invertebrates 
BAV - Bioavailability Adjustment Factor 
'- Aluminum, antimony, arsenic, cadmium, chromium, cobalt, iron, lead, mercury, nickel, and vanadium were not selected as sediment COPECs. The RME value represents the maximum detected concentration or if not detected one ha~ of the 
maximum non-detect detection limit. The CTE value represents the mean concentration. 
"- Beryllium, silver, and thallium were not selected as surface water COPECs. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection lim·,t. 
The CTE value represents the mean concantration. 
- - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron or strontium was listed, 100% bioavailabilitywas assumed. 
Equations 

1 EDD"". = IR"",X Cfi .., X DF,XAUF X BAV IBW Area Use Factor (AUF) 1.0 

2 EDDwn•oc = IRw.", X Cw"", X AUF I BW Body Weight (BW) 0.005 

3 Total EDD = EDD"", + EDD~"" 0.0044 

IRwu!or 0.001 
BSAF Calculations 

Cadmium 0.191 + (0.668'LOG[sedimentj) 

Cobalt 0.395+0.121'[sedimentj 

Copper 1.23+ (0.079'LOG[sediment]) 

Selenium 1.422'[sedimentj'OA 

Vanadium -1.531 + 0.722·LN[sedimentj 

BSAF for nickel equals tha 95% Upper Prediction Umit (UPL) of regression calculated by Bechtel (1998b); calculated according to Appendix A in Bechtel (1998b). 
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Attachment 5.55 

Estimated Daily Doses for the Eastern Small-footed Bats at Reference Section of the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


RME 
Exposure Point Concentration 

Sediment 
(mg/kg, wet Surface Water 

COPECs weight)* (ug/L)** 

Metals 
Aluminum 6600 357 
i\11~rll°ny 0.19 0.07 
i\rs~nic 3.0 100 
.f:3.i:l.~.Llrll. 187 26.0 
f:3~ryUiurll. 1.6 5.0 
<::i:ldl11iLlrll. 1.5 2.5 
Chromium 37.0 1.3 
~C;baii 4.5 0.24 
<::(lpper 4.5 1.1 
Iron 6420 318 
l,Eli:l<l 9.6 0.50 
Mi:lngan~(;~ .. 475 32.2 
M~rc:ury 0.03 0.05 
M(lIYI:l<lenurll 0.16 0.20 
f'lic;kel 11.7 0.65 
Selenium 5.0 1.7•.......-........" ............. 

0.28 0:02Silver 
$irC;6iium 198 197 
IIli:lIJium 17.5 2.6 
Vanadium 38.0 0.91 
Zinc 33.0 10.7 

(mg/kg bw-day) CTE 
Diet Water Exposure Point Concentration 

Total Sediment Surface Water 
BSAF BAV- OF EDDdl•• 

1 EDDwa••: EDD (mg/kg, wet weight) (ug/L) 

0.098 1.0 1.0 5.69E+02 7.15E-02 5.69E+02 5600 
0:2 1.0 1.0 3.34E~02 ijOE~05 3.35E-02 3.5 

0:127 fo 1:0 3j5E~61 2.00E~02 i55E~i' 4.9 
0.951 1.0 1.0 1.56E+02 5.20E~03 'i:57E+02 79.4 
0013 1.0 1.0 1.83E~oi i.00E~03 1.84E-01 0.75 
0,31 0.54 1.0 2.20E~01 5.00E-04 2.20E-01 ().53 

0:588 0.09 1.0 i.72E+()0 2.60E-04 1.72E+00 20.9 
0.94 1.0 1.6 3.72E+00 4.80E~05 i72E+00 2.8 
1.28 1.0 1.0 5.0SE+OO 2.20E-()4 5.()SE+00 3.2 

0.072 1.0 1.0 4.07E+02 6.37E~2 4:07E'+()2 4383 
0.066 1.0 1.0 5.58E-01 i.00E~()4 5.5SE~()i 7.5 
0.505 1.0 1.0 2:TiE+02 6.43E:03 2:i1E+02 278 
1.08 0.25 1.0 i:13E~03 i:00E~05 i.14E~03 0.02 
1.15 1.0 1.0 1.62E~01 ·4.00E-05 1.62E-01 0.16 
1.44 1.0 1.0 i.4.8E+01 i,3()E~04 i.4.8E'+01 7.8 
2:84 '6.46 1.0 5.6iE+00 3.40E~64 5.011::+60 1.8 
0.18 1.0 1.0 4:441::~02 iOOE~6 4.441::-02 0.76 
1.0 1.0 1.0 i.74E+02 3.94E~02· '1.741::+02 198 

0.71 1.0 1.0 1.09E+01 5.10E~4 1.091::+01 9.1 
i.1o 1.0 1.0 3.66E+01 'iS2E:04 3.66E+01 20.3 
0.84 1.0 1.0 2.44E+01 2.14E~3 2.441::+01 22.2 

BSAF BAV 

0.098 1.0 
0.2 1.0 

0.127 1.0 
0.95i 1.0 
0.13 1.0 
0:004 0.54 
6.588 0.09 
Cl.73 1.0 
1.27 1.0 

0.072 1:0 
().066 i.o· 
0.505 1.0 
1.08 ().25 
1.15 1.0 
1.51 1.0 
1.03 0.40 
0.18 1.0 
1.0 1.0 

0.71 1.0 
0.64 1.0 
0.84 1.0 

ose 
(mg/kg bw-day) 

Diet Water 

OF EDDdl•• 
1 EDDwa•• / 

1.0 4.83E+02 
1.0 "'6:19E~i 
1.0 5:44E~of 
1.0 . 6.64E+oi 
1.0 '8:58E~2 
1:0 1.oiE~3 4.16E 
1.0 ·9.72E~f 7.60E 
1.0 U;SE+OO i94E~04 
1.0 i5sE+oo'" "'5:46E~04 
1.0 2.7SE+02 i33E~2 
1.0 4:36E~i 1.43E~63 
1.0 ····1:24E+02 4:83E~03
fo 4.i5E~3·· '·i.()OE=05 
1.0 "'f62E~()1 .2:46E=04 
1.0 ··1.03E+01 ?·44g:Q4
1.0 6:55E~01 7.36E-05 
1.0 1.20E~oi ···i.i7E~4 

1.0 f74E+02 2:66E~2 
'1.0 5:65E+00 8.i8E~05 
1.6 Ti5E+6f ····i.72E=04 
1.0 "{64E+of ·8.79E=64 

Total 
EDD 

2.78E+02 
4:3iE~f 
i.24E+02 
4:i6E~3 
1:62E::01.- ... 
i:63E+oi' .... 

'6:55E~1 ..... 
i::iiE~i .... 

1:741::+02 
"m 

K65E+00 ..... 

f15E+oi.... 
T64E+oi 

Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the east branch of the Ompompanoosuc River. 

mglkg • milligrams per kilogram 

ug/L - micrograms per liter 

mglkg bw-day • milligrams per kilogram of body weight per day 

COPECs • Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 
EDD - Estimated Daily Dose . 

NOAEL - No Observable Adverse Effect Level 

LOAEL - Lowest Observable Adverse Effect Level 
RME ~ Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

OF • Dose Fraction 

BSAFs • Biota-Sediment Accumulation Factors 

BAV - Bioavailability Adjustment Factor 

..~ Aluminum, antimony, chromium, cobalt, copper, iron, lead, manganese, nickel, silver, vanadium, and zinc were not selected as sediment COPECs. The RME value represents the maximum detected concentration or if not detected 

one half of the maximum non-detect detection limit. The eTE value represents the mean concentration, 

..+~ Beryllium, cadmium, selenium, and thallium were not selected as surface water eOPEes. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 
The eTE value represents the mean concentration. 

-. Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron or strontium was listed. 100% bioavailability was assumed. 

Equations 

1 EDD"", = IR".. X C"" X OF, X AUF X BAV J BW ~rea Use Factor (AUF) 1.0 

2 EDD~'N = IRw_ X C~'m X AUF I BW I Weight (BW) 0.005 

3 Total EDD = EDD,,,,, + EDDw,,'m IR"", 0.0044 

IR~'m 0.001 

BSAF Calculations 

Cadmium 0.191 + (0.66S'LOGlsediment]) 

Cobalt 0.395+0.121'lsedimentJ 

Copper 1.23+ (0.079'LOG[sediment]) 

Selenium 1,422'lsedimentj'0,4 

Vanadium -1.531 + 0.722'LNlsedimentJ 

BSAF for nickel equals the 95% Upper Prediction Limit (UPL) of regression calculated by Bechtel (199Sb); calculated according to Appendix A in Bechtel (1998b). 

Created by: RAR 511312008 
Ompom-wtem small-footed bat~EF.>dsRME~CTE Dose 1011 QC'd by: EK 5119/2008 
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Attachment 5.56 

Estimated Daily Dose for the Belted Kingfishers at School House Brook 


Ely Mine Superfund Site, Vershire, VT 


RME 
EOO 

(mg/kg bw-day) CTE 
EJi:p_osure Point Concentration Diet Water EXDosure Point Concentration 

COPECs 
Metals 

.A'~~,rt:lJl).I!~ 
A.IJ.~.r:!1<?.r.1Y. 
Arsenic 
S'arium 

.!?~ryl.liuE!'
C~admi~m 
Chromium 
Coball 
~9QP~r 
Iron 

Sediment 
(mg/kg, wet weight)· 

12000 
2.4 
2.8 
106 
1.6 

0.49 
23.3 
24.7 
489 

5BBOO 
J~.~~d ._,__ 
.M~!]g~f!~~.~ .. ' '". ~... " 
.~~I£UfY,(i~9rga~i.q t :-: .-... 

M.QNg.~.~.~~~ 

31.4 
655 
(J(J2 
2.3 

22.0 
2.B 
0.49 
212 
34.3 
64.3 

Nickel 
Selenium 
-~!:h~.~X 
Strontium 
Vanadium 
Zinc 

..... 

....... 

+ 

Fish Surface Water 
(mg/kg, wet weight)" (ug/L)'" BSAFs BAV

12.4 
0.40 
0.15 
2.3 

0.01 
om 
0.50 
0.11 
7.9 

46.9 
1.2 
4.2 

0.02 
0.15 
0.20 
0.50 
o 
o 

0.10 
40.9 

494 ...... . 
0.7 
0.2 
18.8 
0,08 ..... . 
0.23 
2.0 
6:8 
222 
569 
2.4 
670 
0.17 
0.18 
3.3 
8.5 

0.67 
160 
0.53 
37:6 

0.098 
0.2 

0.127 
0.951 
0.13 
3.07 

0.588 
3.4 

2.34 . 
0.072 
0.066 
0.505 
1.74 
1.15 
1.3 

3.93 
0.18 
1.00 
1.020 
2.6 

1.0 
1.0 
1.0 
1.0 

~.~ ... 

1.0 
1.0 

0.53 
1.00 
0.43 
1.0 
1.0 
1.0 
1.0 

0.44 
1.0 

i~ ... 
1.0 

DFln\'ort~btllto. 

..... 0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

.... 

Total Sediment 

DFFb,h Oosedl~t
, 

DoseWlll~/ EOO (mg/kg, wet weight)' 

0.9 1.00E+02 5.34E-02 1.00E+02 7007 
0.9 :l.17E-Dl 7.24E-D5 3.17E-Dl 3.5 
0.9 1.33E-Ol 2.05E-D5 1.33E-Dl 2.0 
0.9 9.46E+00 2.03E-D3 9.47E+00 62.1 
0.9 1.98E-02 8.65E-06 1.98E-02 0.56 
0.9 1.66E:Ol i:45E-D5 1.66E-Ol 0.58 
0.9 1.41E+00 2.14E-D4 1.41E+00 19.8 

.0.9 6.5BE+00 7.30E-D4 6.SSE+00 13.5 
0.9 5.00[;+01 240E-02 5.01E+Ol 300 
0.9 3.62E:+02 6:isE:02 3.62E+02 

I 
14267 

0.9 4.21E-Ol 2.60E-04 4.21E-Ol 7.9 
.0.9 2.87E+Ol 7.24E-03 2,B7E+Ol 442 
0.9 1.79E-02 1.84E-D5 1.79E-02 0.03 
0.9 3.08E-Ol 1.9210-05 3.0BE-Ol 1.2 
0.9 2.40E+00 3.62E-04 2.40E+00 12.9 
0.9 5.25E-Dl 9.19E-D4 5.26E-Dl 2.3 
0.9 6.B5E-D3 7.24E:05· 6.93E-03 0.67 
0.9 1.6510+01 1.7:lE:02 1.65E+Ol 194 
0.9 2.79E+00 5.77E-D5 2.79E+00 23.5 
0.9 4.16E+Ol 4.06E-D3 4.16E+Ol 57.4 

Fish 
(mg/kg, wet weight)" 

5.7 ..... 
0.12 
0.15 
1.8 ..... 

0.01 
0.04 
0.38 
0.06 
4.6 

34.7 
0.15 
3.6 

0.01 
0.15 
0.17 
0.41 

0 
0 

0.10 
34.1 

Diet 

Surface Water 
(ugIL)- BSAFs BAV DFJfI\lott~b!1lloa 

395 . .. 0.098 1.0 ... 0.1 ........ 
i3.6 0:2 1.0 .0.1.......... 
32.5 0.127 1.0 0.1 
17.4 0.951 1.0 0.1 
2.6 0.13 1.0 01 

0.41 
... 

3.07 1.0 ,01 
3.0 0.5BB 1.0 

..... 
0.1 .... 

4.6 2:03 1.0 .0.1 
117 .... 2.28 0.53 ... .0.1 ........... 
414 0.072 106 0.1 
3.8 0.066 0.43 0.1 
41.5 ...... 0.505 ..li!. 6:1 
0.09 1.74 1.0 0.1 
1.6 Us 1.0 0.1........ 
3.1 1.42 1.0 0.1 
1.B 3.32 0.44 0.1 
oil? 0:18 1.0 0.1 
142 ... 1.0 1.0 I 0.1 
2.2 0.75 1.0 0.1 

23.5 2.58 1.0 I 0.1 

EOO 
maiko bw-davl 

OFFish EDDdlot
, 

0.9 5.73E+Ol 
0.9 i36E-01~ 
0.9 1251'::01 
0:9 5:83E+00 
09 ··Ii:i7ii:03 

·0:9 ·1.6ifE:61 
0.9 ··i'71':+00 

oi. 2:17E."00 
0.9 :ig~Hf·O.g· 1.04E+02 

Water 

EDOWllt~t2 Total EOOs

4.27E-D2 5.74E+Ol 
··1.47E:03· 1.3810-01 

3.51e:03 1.28E-Ol 
1.8810:03 5.S4E+00 

···2.77ii-04 ..~A5E-03 
4:41e:Os 1.66E-Ol 
3:21lE:04 1.17E+00 

·4.94E:04 2.17E+00 
.••·jjiE:of.·· i:!l9E+Ol 

4.47E-D2 ·1:0410+02 
··S.23E-D2 

1:99E+01 
1.28E-02 

"i:i4E-Ol 
. ·l.54E+OO 

3.92E-Ol 
9:48E-03 
1.51E+Ol 
1.43E+00 
3.54E+Ol 

Note: The metals st'w:rM1 In this Attachment are those klentrtJed as surface water, fi..Jl, and MOlment COPEC~ In tho Impacted reach of School House Brook 

mglkg ~ milligrams per kilogram 

ug.fL • mlerograms ptl1 mer 
mWkg bw-day. mlHigrams per kHogmm of body weight per d<ly 
COPECs ~ Chemk:als. of Potential Ecological Concern 

EDD ~ Estimated Dally Dose 

Rl.-1E ~ RoImonabIe M.nximum Exposure 
eTE ~ Central Tendency ExposUf8 
OF· Dose Fraction 
BSAF • Biota-$edimoot Accumulation Factor for benthIc invertebrates 

BAV· 810avalJabilrty Adjustment Factor 

• ~ Aluminum, antimony, cadmium, Iron, lead, mercury, nickel, and t>i/var ware not selected as sedlmlml eOPECs. The RME value represents the ma:<lmum detected concentration or if not detected one half of tho maximum non-oelect detoctJon limit. 

Tho eTE valuo roprownts the moan concentration. S!!ver and Thnll1um were not analyzed for in fish . 

.." ~ Ar$onic, bery1tlum. and mclybdenum W(t(e not ooIected as fish COPECs. The RME value represents the mwwrn..rm detactoo concentration or if not detected Clrle half of the maximum non-oelect detection limit 

The eTE valuos rvpreoonls the mean concentration. Silver and strontium w(!{o not analyzed for, value is zoro, 


...... ~ Serymum was not 001«100 as surface wa\Of COPECs. The RME Value repreOOnt&- the m.wmum detected concentration or If not d6tocl00 one. half of tho maximum noo-<letlX:t detectloo bm1t. THE eTE values re-prosents the mwm conceotration. 


- ~ Source: Section to (mammals) and Section 2.0 (Birds) in Appendi): S of tho Elizabeth Copper MinnBERA (URS. 2006). Nova/ua fo; Iron or strontium wns listed; 100% rnoavallabihtywas assumed. 

E_, 
1 EOD<m! =IR.ooX C!,,~ X OF1X AUF X SAV / 8W Area Use Factor (AUF) 1.0 

2EDO"",w= 1R,......,.XC_XAUF IBW Body Weight (8W) 0.148 

3 Total EDD = EDDkl >I- EDD_w l~tO.'15 

!R"",,,,0,016 
BSAF CaJculallons 

Cobalt 0.395>1-{0.121"fsedlrneotj) 

SttIenlum 1A2nsed1mentl'AO 

Vanadium -1.531+{0.722"lN{sedimMtJ) 


BSAFs fer copper, nickol, and Zinc aqua! the 95% Upper Prediction limit (UPL) of regression calculated by Bechtel (1998b); calculated accc~dlng \0 Appendl): A in Bechtel(1998b) 


Created by; RAR 5/1212008 
~~K8\ifu""'»>AME.cT!'Ocu aC'd by: EK 5i15i2008 
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Attachment 5.57 
Estimated Daily Doses for Belted Kingfishers at the Reference Section of School House Brook 


Ely Copper Mine Superfund Site. Vershire, vr 


RME 
Exposure Point Concentration 

Sediment Fish Surface Water 

EDD 
(mg/kg bw-dav) CTE 

Diet Water Exposure Point Concentration 

Total Sediment Fish 

EDD 
(mg/kg bw-dav) 

Diet Water 

Surface Water 

COPECs (mg/kg, wet weight)' (mglkg, wet weight) (ug/L)- BSAFs BAV- DFlnvortobrnlllS DFFI$h EDDdiM
1 EODwlrte/ EDD (mg/kg, wet weight)' (mg/kg, wet weight) (uglL)- BSAFs BAV DFlnvonobrato.s DFfbh EDDdlet1 

EDOwali1r2 

Metals 
~.I~'!.I!Q_l!m .... 12000 26.5 599 0.098 1.0 0.1 .. 0.9 
~n~.fOg!1Y 0.15 0.05 0.10 0.2 1.0 0.1 0.9 
!\~~nic ...... 3.0 0.15 0.18 0.127 1.0 0.1 0.9 
Barium 148 1.13 19.5 0.951 1.0 0.1 0.9 
B~r0liyin 

.......... 
2.0 0.01 5:0 0.13 1.0 0.1 0.9 

C"dmlum 
....... .... 

1.5 0.08 0:02 3.07 1.0 0.1 0.9 
Chromium 52.0 0.60 3.0 0.588 1.0 0.1 0.9...... 
Cobalt 8,4 0.06 0.50 1.4 1.0 0.1 0.9 
C.opper 

.. ... 
24.0 

. .. 
1.9 1.3 1.97 0.53 0.1 0.9 

If9r~, 
........ .......... 

25800 0.02 726 
.. 

0.(Jl2 1.00 0.1 0.9..... .... 
11.2 

..... 
60.5 0.82 

. .... 
0.066 0,43 0.1 0.9....... 

599 6.1 28.1 0.505 1.0 0.1 (J.S... 
0.01 0.06 0.10 1.74 1.0 0.1 0.9.. 
0.28 0.15 0.34 i.15 1.0 0.1 0.91J:i, ....... ............ , 

Nickel 21.0 0.20 0.7S 1:3 1.0 0.1 0.9 
Se'lenl'u"m" ojo 0.70 1.7 0,43 0.44 0.1 0.9.... 
$~tiQ,;~~;;,'..............,... 257 0 169 1.00 

" 
1.0 0.1 0.9 

Ih.~lIi~m.. . ..... I 20.0 0.02 2.6 0.71 1.0 0.1 0.9 
Vanadium 29.7 0.20 0.57 0.918 1.0 0.1 0.9Zinc ... 72.0 33.9 24.3 2.6 1.0 0.1 0.9 

1.10E+02 6.47E-02 1.10E+02 7308 
3.73E-02 1.08E-05 3.73E-02 3.2 
1.35E-Ol 1.95E-05 1.3SE-Ol 2.2 
1·.17E+Ol 2.10E-03 1.17E+Ol 64.7 
2.37E-02 5,41E:()4 2,42E-02 0.60 
4.14E-Ol 2.16E:06 4.14E-Ol 0.57 
2.79E+00 3.24E-04 2.79E+00 23.1 
9.63E'01 5,41E-05 9.63E:Ol 5.0 
2.66E+00 1.31lE:04 2.66E+00 10.5 
1.44E+02 7.85E:02 1,44E+02 9928 
1.82E+Ol 8.86E-05 1.82E+Ol 5,4 
2.78E+Ol 3.04E-03 2.78E+Ol 442 
4,39E-02 1.08E-05 4.39E-02 0.03 
1.30E-Ol 3.68E-05 1.30E-Ol 0.55I2:31E+00 8.23E-05 2.31E+00 13.3 
2.20E-Ol 1.84E-04 2.20E-Ol 0.70 
2.00E+Ol 1.82E-02 2.00E+Ol 230 
1.11E+00 2.76E-04 1.11E+()0 2.8 
2.26E+00 6.21E-05 2.26E+00 21.5 
3.83E+Ol 2.62E-03 3.83E+Ol 28.8 

9.3 183 0.098 1.0 0.1 
0.05 11.3 0.2 1.0 0.1 
0.15 31.7 0.127 1.0 0.1 
0.58 16.6 0.~51 1.6 0.1 
0.01 2.8 0.13 i.o Il.i 
0.05 1.1 :3.07 1.0 0.1 
0,46 2.7 0.588 1.0 0.1 
0.04 1.3 1.00 1.0 0.1 
1,4 1.6 1.87 0.53 0:1 

0.01 163 
.... 

a.Cri2 1.00 0.1 
38.6 6.0 0.066 6.43 0.1 
3.8 16.3 0.505 1.6 0.1 

0.04 0.07 1.74 1.0 0.1 
0.15 1.2 1.15 1.0 0:1 
0.14 1.3 1:42 i.o 0.1 
0.56 0.51 0.996. 0.44 0.1 

0 139 1.00 1:0 0.1 
0.15 0.58 0.71 1.0 0.1 
0.14 0.92 0.68 1.0 0.1 
24.4 7.3 2.52 1.0 0,1 

0.9 
0.9 
0:9 
0:9' 
0.9 
0.9 
0.9 
0.9 

... 6:9 

6.9 
6:9 .... (j.g 

0.9 
0.9 
():9
0.9 

·c.il 
·o.il 

6:9 
0.9 

6.22E+Ol 1.97E-02 
·S.48E:02 i:23E:03 
··T2.§E:ill ·3.43E:03 

5.19E+OO 1.79E:03 
9.58E:03 2.9iE:il4 
i:ioE:ol i.17E:04 
1.38E+OO :2:91E:1l4 

·4.23E:ili 1:4iE:04 
l.34E+Il() 1.69E:04 

"S:56E+01 l:i6E:02 
·1.isE+6i 6.47e::04 
":i:66E+01 1:76£:=03 
·2.9iE~02 i52E:06 

i:54E:01 1.26E:04 
·1.57E+06 ·1.46E=04 
·i.95E:(jl 5.56E:C5 

iisE+oi ',®~:Q2 
"z:s8E:6i 6.31E-05 

i:24E+OO 9:97E:05 
" 

2:271':+01 i.90E:04 

Total 
EDD 

6.22E+Ol 
.il.60E:02 
1.30E-Ol 

5.19E+00 
9:88E:03 
1.70E-Ol 

·1.38E+00 
4.23E:()1 
1.34E+00 
~5.56E+Ol 
1.16E+oi 
2.00E+Ol 
2.91E-02 
1.ME-Ol 
~i.57E+00 
1.95E-Ol 

·1.78E+Ol 
2.58E-Ol 

·1.24E+00 
2:27E+Ol 

Note. The metals shown In thiS Attachment ata those !dentiflOd as surface water, fish, and sediment COPECs In the Impacted reach of School Houw Brook. 

mofkg· mlHigrams per kilogram 

ugIL ~ micrograms per l/ter 

mgfkg bw-day· miffigrams per kJtogram of body weight per day 

COPECs· Chemicals of Potential Ecological Concern 

EDD • Estlmated Da~y Dose 

RME • Reasonable Maximum Exposure 

CTE • Central Tendency Exposure 

DF - Dooo Fraction 

BSAF • Blota-Stldiment Accumulation Factor for benthic invertebrates 

BAY ¥ BioaVllllabliity Adjustment Faclor 

"~Alumlnum, antlmony, arsenic, cobalt, copper, iron, lead, mercury, nickel, and zinc were not selected as sedim!lnt COPECs, The RME value represents the maximum detected concentration or if not detected one half of the maximum non-delectdetection limit. 

The eTE value represents the mean concentration. Silvar and Thallrum were not an.1lyzed for in fish 

""-Antimony, arsenic, beryllium, molybdenum, and thallium were not selected as fish COPECs. The RME value represents the maximum detected concentration or if not detected one half of the mmdmum non-detoct detection limit. The CTE value represents the mean concentration. Strontium was not analyzed for in fish. value is zero. 

-. Ber~lium, mercury. selenium, and thaflium were not selected as surface water COPECs. nle RME value represents the maximum detected concentration or If not detected one half of tho maximum non-detoct detection limit. The CTE value repftloonts the mean concentration. 

- ¥ Source: Section 1.0 (mammals) and Section 2.0 {Birds} in AppendixS of the E~:zabeUl Copper Mne SERA (URS, 2006). No value for iron was listed, 100% bioavallabililywas assumed. 

Equations 

1 EDD"", =lR"OOI X Cf<>h X OF, X AUF X BAV ! BW Area Use Factor (AUF) 1.0 

2EDD......-.= lR_XC_XAUF IBW BodyWelghl (BW) 0,148 

3 Towl EDD =EODd'l"l + EOD_ 0.115 

0.016 

BSAF Calculations 

Cobalt 0.3\l5+{0.121·isadimentJ) 

Selenltim 1.422"'{sooimenWAO 

VanadJum .1.531+{0.722"LN{sedlmenl]) 

BSAFs for copper, nickel, and zinc equal the 95% Upper Prediction limit {UPL} of regression Cfllcuiated by Bechtel {HmSb): ca!culated according to AppgndixA in Bechte!(1g9Sb). 

Created by: RAR 5/1212008O·\o\U.SHAAE\EMTSIO\Elj' 1,\IfI{I'SEJlA'FoodCM'" '.!~&hoolHO\nt>\ 
1 of 1Schoo!~MKjng!"!$hl'f-REF.~)t<RME.cTE ~.. QC'd by: EK 5/14/2008 



Attachment 5.58 

Estimated DailY Doses for Belted Kingfishers at the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


EDD EDD 
RME {mglkg bw·davl CTE {maIKo bw-davl 

Exposure Point Concentration Diet Water Exposure Point Concentration Diet Water 

Fish Surface WaterSediment Sediment Fish Surface Water TotalTotal ,BAV(mglkg, wet weight)· (mg/kg, wet weight)" (uglL)'" BSAFs (mglkg, wet weight)' (mglkg, wet weight)" BAV(ugILl'" BSAFsDoseWlrto/ EDOvm~2OFfish I Dose",,'OFlnvOitobmtos DFFltihDFlnvortobmlUCOPECs EDD EDDd101 EDD' 
Motals 
Aluminum 16.8 0.098 1.0 0.1 1~18E+02 4.11E-02 1.18E+0214000 380 0.9 7847 7.1 172 1.0 0.1 6,47E+Ol 6,47E+Ol0.098 0~9 1~86E·02 

~~~ ~ 

~·9.23E:()2O~1 ~9~34E·021.8 0.05 0~76 0.2 1.0 0.9 6.29E-02 8.22E·05 6~30E·02 3~7 0.05 0.2 1.0 O~1 6~9 1~i2E:03.A~~mg~y 10~ .......
..... 
Arsenic 0.15 0~20 0.127 1.0 0.1 2.16E·055.0 0.9 l~54E·Ol l~54E·Ol 2~6 0.15 25.5 0.127 1.0 0.1 1.:iie:01 1~33E·Ol0.9 2~76E·03 
Barium 90.0 2.4 19.4 0.951 1.0 O~1 0.9 8.32E+00 2.10E·03 8~33E+00 46~3 1.7 19.9 1.0 0.1 0:9 4:60E+OO 4~60E+00 

.B.~!y!.li!Jrn 
0.951 2.15E·03 

5~0 0.13 1.0 O~1 5,41E·04 1 0,401.8 0.01 0.9 2~17E·02 2~22E·02 0.01 1~O 7,49E-032~8 0.13 0.1 0.9 3~00E-04 7~79E-03 

G?q~!~.m .... 0~07 3.07 0.1" 0.18 1.0 0.9 9.19E·02 9.62E·06 9.19E·02 0.62 0.04 1.0 0.1 i.76E:Ol0.96 3.07 0.9 1:04E:04 l~77E·Ol0,09 ...... 
3.27E·04 .~.Chromium 31~5 0.30 1.2 0.588 1.0 0~1 1.30E·04 1~65E+000.9 1.65E+00 18~9 0.27 1.0 O~1 1.05E+003~0 0.588 0:9 1~05E+00 

~ .. 
'0':90~09Cobalt 28.5 0.67 3.8 1~O 0.1 8~57E+00 7.28E·05 8.57E+00 9~30.9 0.07 3.5 1.52 1~O 0.1 i:isE+OO 1.15E+00i78E:04...... 

3.5 2.36 O~1 1.36E+Ol23.9 0.53 0.9 1.36E+Ol 2.58E-03 76~3 2.1 13.3 2.28 0.53 0.1 0.9 i.93E+00 7.93E+00 
IfOf'. 

1.44E·03.GQPp~r ...~~ 

332 
~~~., ..~~ .. ~~~ ~ ~ ~.~ 2~~60 

50~8 i~o iJ~10.072 0.9 1.63E+02 3.59E-02 10694 32.4 1.00196 0.072 0.1 0.9 8~25E+Olt~3E+02 il:ZsE+61 2.12E·02... .. 
0,430~04 0.066 0.1 4~83E·04 .!:-:ead 11.0 0.43 0~9 3~63E·02 4.64E·05 3~63E·02 6~0 0.02 0.434~5 0.066 O~1 0~9 1.94E·02 1~99E·02 

.Ma.ng~ne~~ 475 6.4 34~3 0.505 1.0 O~1 2.32E+Ol0~9 2.31E+Ol 3.71E·03 4.6 28~8 1.0355 0.505 0.1 6:9 1.72E+Ol 3.1ie:63 l~72E+Ol 
0.02 1.74 1~O0.02 0~20 0.1 0.9 1.86E-02 2.16E·05 1~87E·02M~~9IJry HI}~rg~'~'i~ 0~03 0.01 0~10 1.74 1.0 0.1 0.9 1~05E-05 1.50E-021.50E·02 

1 ~ 1 0~15 O~17 1 ~ 15 1.0 O~1 0~9 2~03E·Ol 1.87E·05 2~03E-Ol 0~92 O~15 1 ~ 17 1.01.15 0~9 1~87E·Ol 1~26E-04 1~88E·Ol~l~g.efl.~!!l .. 0,1 ~ .. ~~. 
··3.85E:041~45E+OO .21.0 

~ 

0~20 1~5 1~3 1~O O~1 0~9 2.31E+00 1.61E·04 2~32E+00 12.6 0~14 1.0 1.45E+003~6 1~38 0.1 O~9.. 
0.81 0~50 5~8 1.15 0.44 O~1 0~9 6.27E·041~86E·Ol 1~86E·Ol 1.6 0~36 1~9 0.44 0.1 2:4iE:612.32 0:9 i:09E=04 2.41E·Ol,~;~~:~m' 

1~0Silver 0~57 0 0.18 O~1 0~9 3,46E·06 7~98E·03 1.00.D3 7~97E·03 0~72 0 1.0 0.1 0.9 1~02E·02O~18 1~01E·02 1~10E·04 
1~00 1.0 O~1Strontium 193 0 149 0.9 1~50E+Ol 1.61E·02 1.50E+Ol 1~O 1~50E+Ol193 0 129 1.00 0.9 i:SOE+Ol 1~39E·02•...... ....... 0.1
I···· ·2~61E·Ol13.8 0~02 12~5 0.71 1~O O~1 0~9 1.35E·03 7~70E·Ol7~69E-01 4~5 0.02 2.1 0.71 1.0 O~1 0~9 2.6iE.Ol 2~22E·04Th?IIi1:1!l1_ 

Vanadium 
.~ 

O~1 1~28 1~O O~1 4~94E+0049.0 0~91 0.9 4.94E+00 9.84E·05 19~8 0~10 3~9 1.0 0.1 0:9 i03E+OO 1~03E+000.62 4~23E-04 
41 ~6 2.6 1.0 O~1 4~09E+Ollinc 58~7 629 0.9 4.09E+01 6.80E·02 43.6 33~6 1~O 0.1 0~9 3~22E+Ol 3~22E+Ol93.7 2~S6 1.01E·02 

Nota: TM metal", $hO'Wn In this Attnchment are thooe kion\rfied as ...urtaca water, fj"h. and s.edlment COPEer>!n the east branch of tho Ompompanoosuc: Rlvar 

mglkg • milligrams per IdIogram 
ug/L • m(cl'tl9faml> per Iller 
mglkg bw--day - milligrams per kilogram of body '<'Icighl per day 

CQPECs • Chemicals of Potential Ecctog:lcal Concern 
eSOR - East Branch of the OmpompMOOSUC Rlver 
EDD· Esbmated Dally Dow 
NOAR • No Observable Adverso Effect Level 

LOAEl -lO'NeSt ObS$Yable Adverse Effect Level 
RME • Roosonabla Maximum Exposure 
erE· Central Tendency Exposure 
OF M Dose Fraction 
BAV - BklavnIlabillty Adjustment Factor 
BSAF - Biotn-Sedlmenl Accumultitkm Factor for benthic u1vertoom\e.s 

•• Alummum, antimony. arsenic. cadmium. chromium, cobalt. iron. loo(L mercury. rucke:l. and vanadium Vl'ete not selected as sediment COPEes Tho RME vuluo represents the maximum d'Jtec{oo concentrallon or If not detected one half of the maximum non.oetect detection hmlt 


Thtl crE value represeots the moan concentration. 


'". Antimony, arsenic, boryIUum, molybdenum. 1hn!lium. and vanoolum were not selectoo as fish COPECs. The RME value reprosentslhe rnaxtmum detected concentration or if not deteeted Of)(} half of the maximum noo-detecl detection limit. Tho CTE valUtl represtm\s the mean concentration. 


Thee erE value reprosent:o; the mean concentration. Silver and strontium we(e not analyzed for In fish, 


'"'" • Beryllium, sUvnr, and thamum were not selected as surface water COPECs. Value represents the mnximum deteetOO concenltOltion or if not dn\ectoo one half of the maximum non-det&et detection !mit 


-. $curco: Section 1.0 (mammals) and Section 2.0 (Birds) In Appern:llx S of the Ell.Wbeth Copper Mine SERA (URS. 2006). No value for iron or strontium was listed. 100% blOOvallabiUtyw.ns assumed. 


Equations 


1 EDO<$<o1 '" lR.t,.,X Cr""x OF1 XAUF XBAV IBW Area Usa FactCf (AUF) 1.0 


2 EDD-"., =IR...,... X C .."., X AUF J BW Body Weight (BW) 0.148 


3 Total EDO = EOD_ + EDD_ 1~>O\O.115 


I~w 0,016 

BSAF Calculations 
CobaIi 0.395+(0.121"!socIJment]) 

Selenium l.422·!sedimentj'OAO 
Vanac!lum ·1.531+{O.722°LNlsedimentj) 
BSAFs for copper, nickel. and zinc equal the 95% Upper PredictJ;m Limit (UPL) of regressiOn calculated by Bechtel (199Sb); calculated according to Appendix A in Bechtal(1998b), 

Created by: RAR 519/2008O\,I,tlSHMl8ESATIl!O\!:q J.&.~\BERA\!,O¢d C"*' M....,,&h'XI\()~,\ 
'oilO~&d~hor.>1r,RI.E.cn:o=- aC'd by: EK 5/15i200S 
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Attachment 5,59 
Estimated Daily Dose for Belted Kingfishers at the Reference Section of the EBOR 

Ely Copper Mine Superfund Site, Vershire, VT 

RME 
Ex osure Point Concentration Diet 

Sediment Fish Surface Water 

COPECs (mglkg, wet weight)* (mglkg, wet welght) (uglL)'- BSAFs BAV DF!tlv~rt(lbfl\t(ll< DFFil:h 

Metals 
Aluminum 6600 8.9 357 0.098 1.0 0.1 0.9 

.'\l!JimpI}Y 0.19 0.10 0.07 0.2 1.0 0.1 0.9 
Arsenic 3.0 0.15 100 0.127 1.0 0.1 0.9 
Barium 187 2.3 26.0 0.951 1.0 0.1 0.9 
Beryllium 1.6 0.005 5.0 0.13 1.0 0.1 0.9 
Cadmium 1.5 0.04 2.5 3.07 1.0 0.1 0·9 
Chromium 37 0.40 1.3 0.588 1.0 0.1 0.9 
Cobalt 4.5 0.02 0.24 0.94 1.0 0.1 0.9 
Copper 4.5 2.1 1.1 1.77 0.53 0.1 0.9 
Iron 6420 33.5 318 0.072 1.00 0.1 0.9 
Lead 9.6 0.03 0.50 0.066 .0.43 0.1 0.9 
M~nganese 475 5.5 32.2 0.505 1.0 0.1 0.9 
ryl.e.rc.ury 0.03 0.03 0.05 1.74 1.0 0.1 0.9 
~9lybdenum 0.16 0.15 0.20 1.15 1.0 0.1 0.9 
Nickel 11.7 0.20 0.65 1044 1.0 0.1 0.9 
Selenium 5.0 0040 1.7 7.11 0044 0.1 0.9 
Silver 0.28 0 0.02 0.18 1.0 0.1 0.9 
Strontium 198 0 197 1.00 1.0 0.1 0.9 
Thallium 17.5 0.02 2.6 0.71 1.0 0.1 0.9 
Vanadium 38.0 0.10 0.91 1.10 1.0 0.1 0.9 
Zinc 33.0 42.5 10.7 2.53 1.0 0.1 0.9 
Note: The metals shown in this Attachment are those identified as surface water, fish, and sediment CQPECs in the east branch of the Ompompanoosuc River. 

CTE 
Water Ex osure Point Concentration 

Total Sediment Fish Tissue 

EDDd1(lt 
1 EDDwat~/ EDD (mglkg, wet weight)' (mglkg, wet weight)" 

5.65E+Ol 3.86E-02 5.65E+Ol 5600 6.4 
7.29E-02 7.03E-06 7.29E-02 3.5 0.07 
1.35E-Ol 1.08E-02 1.45E-Ol 4.9 0.15 
1.54E+Ol 2.81E-03 1.54E+Ol 79.4 2.2 
1.97E-02 5.41E-04 2.02E-02 0.75 0.01 
3.86E-Ol 2.70E-04 3.86E-Ol 0.53 0.03 
1.97E+OO 1.41E-04 1.97E+00 20.9 0.33 
3.42E-Ol 2.59E~05 3.43E-Ol 2.8 0.02 
1.11E+00 1.19E-04 1.11E+00 3.2 1.2 
5.93E+Ol 3.44E-02 5.94E+Ol 4383 30.9 
3.02E-02 5.41E-05 3.02E-02 7.5 0.03 
2.25E+Ol 3.48E-03 2.25E+Ol 278 5.3 
2.22E-02 5A1E-06 2.22E-02 0.02 0.02 
1.19E-Ol 2.16E-05 1.19E-Ol 0.16 0.15 
iA5E+00 7.03E-05 lA5E+00 7.8 0.20 
1.34E+00 1.84E-04 1.34E+00 1.81 0040 
3.92E-03 1.62E-06 3.92E-03 0.76 0 
1.54E+Ol 2.13E-02 1.54E+Ol 198 0 
9.76E-Ol 2.76E-04 9.76E-Ol 9.1 0.02 
3.30E+00 9.84E-05 3.30E+00 20.3 0.10 
3.62E+Ol 1.16E-03 3.62E+Ol 22.2 39.0 

Surface Water 
(uglL)'" 

178 
9.4 

45.8 
21.3 
4.1 
2.1 
3.8 
2.0 
2.7 
166 
7.2 
24.1 
0.05 
1.2 
1.7 

0.37 
0.58 
133 
0.41 
0.86 
4.4 

BSAFs BAV

0.098 1.0 
0.2 1.0 

0.127 1.0 
0.951 1.0 
0.13 1.0 
3.07 1.0 

0.588 1.0 
0.73 1.0 
1.77 0.53 

0.072 1.00 
0.066 0.43 
0.505 1.0 
1.74 1.0 
1.15 1.0 
1.51 1.0 
2.57 0.44 
0.18 1.0 

1 1.0 
0.71 1.0 
0.64 1.0 
2.49 1.0 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

Total 
EDD 

4.71E+Ol 
1.02E-Ol 
·1.5SE-Ol 
7.37E+00 
1.15E-02 
1.44E-Ol 
1.19E+00 
1.69E-Ol 
6.91E-Ol 
4.62E+Ol 
2.53E-02 
lA6E+Ol 
1.83E-02 
'{19E-Ol 
1.05E+00 
2.82E-Ol 
1.07E-02 
1.54E+Ol 
5.10E-Ol 
i.09E+00 
3.16E+Ol 

mglkg ~ milligrams per kilogram 

ugIl ~ micrograms per liter 

mg/kg bw-day. milligrams per kilogram of OOdy weight per day 

COPECs ~ Chemicals of Potential Ecological Concern 

EBOR • East Branch of the Ompompanoosuc R!ver 

EDD ~ Estimated Dally Dose 
NOAEL • No Observable Adverse Effect level 

LOAEL - Lowest Observable Adverse Effect level 

RME • Reasonable Maxlmum Exposure 

CTE ~ Central Tendency Exposure 

BSAF «Biota-Sediment Accumulation Factor for benthic invertebrates 

BAY· BioavailabllUy Adjustment Factor 
•• Aluminum, antimony, <:hromlum. coball, coppnf, iron, lead, mangaMse, mercury, nickel, silver, vanadium, and zinc ware not selected as sediment COPECs TIle RME value represents the maldmum detected concentration or if not detected one half of tlw maximum non-detect detection limit. 

The eTE value represents tlw mean concentration. Silver and Strontium 'NIlfC not analyzed for. 

"* • Silver and strontium were no analyzed for in fish. value equal to :tero 
.... ~ Beryff!Um, cadmium, mercury, selenium, and thallium \\'(I(e not selected as surface water COPECs. The RME value represents the ma>imum detected concentration or if not detected one half of the maldmum non-detect detection Imi\. The CTE value represents the mean concentration 

-. Sowce: Se<:{lon 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of tho Elizabeth Copper Mne BERA (URS, 2006). No value for Iron or strontium was listed, 100% bioavaiiabilityw8S assumed. 

Equations 

1 EDDdlOl = I~X CI"~ X OF, XAUF X BAV tBW Area Use Factor (AUF) 1.0 

2 EDD_", '" !RW;\!~, X C_, X AUF J BW Body Weight (BW) 0.148 

3 Tota! EDD = EDDa..1 + EDD_ iR<!><10.115 

IR""w 0.016 

BSAF Calculations 

Cobalt O.3Q5+{O. 121·($O-dimentJ) 

Selenium 1.422-[sedimenlJ·,40 

Vanadium ~1.53 1 +{O.72Z*lN[sedimentj) 

BSAFs for copp~r, nickel, and zinc equal tho 05% Upper Prediction Umit (UPL) of rogre5$lon calculated by Bechtol (10&8b): calculated according to ~ppendixA in Bechtel (HiG8b) 

Created by: RAR 5/1212008
G W-lSHAAEIESATilIO·,f.1y Mmn\!lERA'.Food Chain Moofilm9\O~ 
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Attachment 5.60 

Estimated Daily Doses for Mink at School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


RME 
Ex osure Point Concentration 

Surface Water 

CTE 
Diet osure Point Concentration 

Surface Water 

Diet 

COPECs 

Fish Tissue 
(mg/kg, wet weight) (ug/L) BAV* OF 

Total 
EDD 

Fish Tissue 
(mg/kg, wet weight) (ug/L) BAV* OF 

Metals 
Aluminum 

6r1~rTl()r1Y 
Arsenic 
"",·~w.~,.,.·""",~~,,,,,_ .,," 

Barium
Cadmium 
Chromium
Cobalt········ 
<:S9Pp~r 
Iron 
Lead 

M.~.r1.9'!r1.l:l~.~~.......•.. 
M.~rclJrY.(ir10r9~r1.ic:) 
M()lyI:>cll:lnurTl 
Nickel
selenium" 

12.4 
0.40 
0.15 

•. ,'_'~_"~A"_..~.~". 

2.3 
0.07 
0.50 
0.11 
7.9 

46.9 
1.2 
4.2 

0.02 
0.15 
0.20 

Silver.".".m'..~n<_'w~~" ~..,,~ '""'". "-'''''' ~.__~,,_.~~w 

0.50 
o 
o 

0.10 
Strontium .......,..............-.. " ......". 
Vanadium 
".,~"~«''' ..• ,.,.~'''«.,_•.~,, ,-.w • 

Zinc 40.9 

494 1.0 
0.67 1.0 
0.19 1.0 
18.8 1.0 
0.23 0.54 
2.0 0.09 
6.8 1.0 
222 1.0 
569 
2.4 
67.0 1.0 
0.17 0.25 
0.18 1.0 
3.3 1.0 
8.5 0.57-.--" .."-,, ...• -~,~, '~,"-'" ~ 

0.67 1.0 
160 1.0 
0.53 1.0 .. ················37.6· .... 

1.0 

1.0 2.47E+00 4.89E-02 2.52E+00 
1.0 7.98E-02 6.63E-05 7.99E-02 

~. "" 

2:99E=021.0 1.88E-05 2.99E-02
'" ._~.•" "w.."~,, ~. ,,~.~. 

~1:86E~~03 4.63E=011.0 4.61 E-01 
1.0 7.54E-03 2.25E-05 7.56E-03 
1.0 8.98E~03 1.96E-04 9.17E-03 
·'c'ov"".",v,,·, _v""_v"·v~o.~v_w,~>C·,, 

6:69~E=04 ... 2.26E=021.0 2.19E-02 
1.0 1:S8~E+00 2:19E=02 ~~. 1.60E+00 
1.0 9.36E+00 5.63E-02 9.41E+00 
1.0 2.33E-01 2.38E 2.34E-01 ..,..... 
1.0 B.44E=oi· 6.63E-03 ·······S.51E=01 

.. -~" 

"i.06E=031.0 1.05E-03 1.68E-05 
1.0 2.99E-02 1.76E-05 2.99E~02 
1.0 3.99E-02 3.31 E-04 4.02E-02 
1.0 S.69E=02 ·8.42E=04· 5.77E-02 
1.0 O.OOE+OO '6:63E::OS 6.63E=05 
1.0 O.OOE+OO f5SE~02 1.58E-0 
1.0 2.00E 5.29E~05 2. 
1.0 8.16E+00 372E-03 ~8.16E+00 

5.7 
0.12 
0.15 
1.8 

0.04 
0.38 

..... (3)6 

4.6 
34.7 
0.15 
'3:6' 

0.01 
0.15 
0.17 

·········0:41 
.. 

0 
0 

0.10 
34.1 

Total 
EDD 

Note: The metals shown in this Attachment are those identified as fish tissue and surface water COPECs in the impacted reach of School House Brook. 
mg/kg. wt - milligrams per kilogram. weight wet 
ug/L - micrograms per liter 
mg/kg bw-day· milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EDD - Estimated Daily Dose 
NOAEL • No Observable Adverse Effect Level 
LOAEL • Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
DF • Dose Fraction of fish 
BAV - Bioavailability Adjustment Factor 
- Arsenic and molybdenum were not selected as COPECs in fish, value represents the maximum detected concentration or if not detected one helf of the maximum non-detect detection limit. 

Silver and strontium were not analyzed for in fish. values are zero. 
* - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron and strontium was listed, 100% bioavailability was assumed. 
Equations 

1 Dosed;" = I Rd;" X C,," X DF; X AUF X BAV I BW Area Use Factor (AUF) 1.0 

2 DoS6wa"" = IRwato< X Cwa,,, X AUF / BW Body Weight (BW) 1.0 
3 Total Dose = Doss",,, + Dose"",,, IR""O.1995 

. IRwa,,, 0.099 

Created by: RAR 5/212008G:\ALLSHARE\ESATBIO\EIy Mine\BERA\Food Chain Modeling\School House\ 

SchooI-Mink.xlsRME·CTE Dose aC'd by: EK 5/13/2008
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Attachment 5.61 

Estimated Daily Doses for Mink at the Reference Section of School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals 
Aluminum 

EDD 
RME CTE 

Ex osure Point Concentration Ex osure Point Concentration 
Fish Tissue Surface Water Total Fish Tissue Surface Water 

(mg/kg, wet weight)** (ug/L) BAV* Dosedlet1 Dosewate/ EDD (mg/kg, wet weight) .(ug/L)

599 1.0 1.0 5.29E+00 5.93E-02 5.35E+0 183 

Total 
EDDwate/ EDD 

~·W·_<V~~~~w~,,_~"~'·'~' 

26.5
·························0:05······ ~ " ,~"'.~.~~". "~', 

9.3 
0.05 
0.15 
0.58 
0.05 
0.46 
0.04 

""'," 'V' 'v y'-N, 

1.0 1.86E+00 1.81 E-02 1.88E+00 
T09:98E:03'1:'1·2E:03'1.·11E=02 
1.0' "2'jjij'E':()'2" "'3'~-1-4E:6'3" '-'3'~-3'1'E~-02 

1':0 '1.T6E:Q1' "1:64E-=03 '"'1:18'E~01 

.i\Q!i!l1()QY 
Arsenic 
Barium 
Cadmium 
W""Ph"'''''W''''~V~'''''''''" 

Chromium 
Cobalt 
'(:;()p'p§r' 
Iron 
Lead 
.M~l}g~f1~l>~. 
.f\J1~EflJry . 

0.15 
1.1 

0.08 
" _~ " , .• " ,,,~,",,#~,"nn" 

0.60 
0.06 

, ,~"'~,',' __ .~, "e"w·'''~'''''''' 

1.9 
0.02 
60.5 
6.10 
0.06 

!Y1.()ly~g~rllJll2 ...... 0.15 
0.20Nickel 

Seleniumsiiver······· 
Strontium 
~o"~n" _. 'w.~'o, ~•.~,.,~. 

Vanadium 
Zinc 

o 
0.20 

·····33.9 

0.10 1.0 1.0 9.98E-03 9.90E-06 9.98E-0 
0.18 1.0 1.0 2.99E-02 1.78E-05 2.99E-02 
19.5 1.0 1.0 2·:25E=01·1:93E=032~2·7E=Or 
0.02 0.54 1.0 8.62E-03 1.98E-06 8.62E-03 

.,3.,,0.,............. I ~'~09 ~:~ ~ :~~~~~~ !:~;~~~~ ~ :~~~~~~ 

726 
0.82 
28.1 
0.10 
0.34 
0.76 
1.7 
2.5 
169 
0.57 
24.3 

1.0 1.0 3:79E:01·'f.26E=04 3.79E-01 
1.0 3.59E-03 7.19E-02 7.55E-02 
1.0 1.21 E+01 8.12E-05 1.21 E+01 
1.0 1.22E+00 2.78E-03 1.22E+00 

,. 'A~v"'w'~".""V' "n~",,~'''''' 

0.25 2.99E-03 9.90E-06 3.00E-03 
1.0 2.99E-02 3.37E-05 3.00E-02 
1.0 3.99E-027.53E=OS 4.00E-02 

0.57 7.96E-02 1.68E-04i.98E-02 
1.0 1.00.00E:;:002.48E:042~4ffE=04 
1.0 1.0 0.00E+001.67E~02 1.67E-02 
1.0 1.0 3:99E=02' .. S:68E=05' . 4.00E-02 
1.01.0 6.76E+00 2.40E-03 6.i?E+00 

1.4 
0.01 
38.6 
3.81 
0.04 
0.15 
0.14 
0.56 
o 
o 

0.14 
24.4 

11.3 
31.7 

v, _wm_,,,,, V 'A"" V 'V'_''' __ ~'~~~~'''~~ 

16.6 
1 

139 
_"·"·,,,.,,v~,,,,,,.·_~_,,.,,,,, . .. 

0.92 

• ,.",«_,.._ .. ,.,_. _""'~'_m_"""_"'''''''' ""_'~_''"''~'w''m'''''' ,< __ .~._ ••••• 

5:23E-03 1.08E-04 5.34E-03 
"S:21'E:03' 2.66E=04·S:47·E=03 
8.55E-03 1.29E-04 8.68E-03 
2.S8~E=011~54E:042:88E=01 

". h. __ 'm_, ''''''»'''><_''_'«no ~••,.".m.'''''w'»",'''>''~'' _,», <"_~_."~,,,..~ 

2.0 4.05E 1.61 E-02 2.01 E-02 
.. ;"';.· ...."1'1:·0' 7.70E5:93E=04 ":r70E+00 

1.0 7.61 E-01 1.61 E-03 7.62E-01 
...... """""'1':0" 1:78E:6'3' Y07E:06' '''1'':79E=63 

.. ··'·····2.99E=02T:1SE=-043:60E=02 
:S5E=0:r 'T3'3E=04 "2.86E=02 
6.34E-025~9E=056:34E~02 
~.,., ,,,,,vy~,,%.v,~,·v",w,,~, WM'"~W~~'''~v>'''wm_«''~''' """.~~".~~,,,~,,~_., 

O.OOE+OO 4.32E-05 4.32E-05 
.,•.•.•-", ,,,",.«.• ,,",.,,,,.~ 

1.0 O.OOE+OO 1.37E-02 1.37E-02 
'1:0" ·D35E=029.T3E:052:S6E-02 

1.0 4.87E+o6 ?:23E=04' 4.S7E+OO 
Note: The metals shown in this Attachment are those identified as fish tissue and surface water COPECs in the impacted reach of School House Brook, 
mg/kg. wt - milligrams per kilogram, weight wet 

ug/L - micrograms per liter 
mg/kg bw-day - milligrams per kilogram of body weight per day 

COPECs - Chemicals of Potential Ecological Concern 
EDD - Estimated Daily Dose 

NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 

DF - Dose Fraction of fish 

*. - Antimony. arsenic. and molybdenum were not selected as COPECs in fish. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 
The CTE value represents the mean concentration. 
* - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron was listed. 100% bioavailability was assumed. 

- - Mercury and selenium were not selected as COPECs in surface. water. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 

The CTE value represents the mean concentration. 
Equations 

1 EDDdiet =IRctiet X Cfish X DFi X AUF X BAV 1BW Area Use Factor (AUF 1.0 
2 EDDwate, =IRwate, X ~vater X AUF 1BW Body Weight (BW) 1.0 
3 Total EDD =EDDdiet + EDDwate, I Rdiet 0.1995 

IRwatar 0.099 

Created by: RAR 5/5/2008 
School·Mink·REF.xlsRME-Cr Dose 1 of 1 QC'd by: EK 5/13/2008 
G:IALLSHARElESATBIOIEly MinelBERAIFood Chain ModelinglSchool Housel 



Attachment 5.62 

Estimated Daily Doses for Mink at the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


RME 
Ex osure Point Concentration Diet 

Surface Water 

CTE 
Ex osure Point Concentration 

Surface Water 

Diet 

COPECs 

Fish Tissue 
(mg/kg, wet weight) (ug/L) BAY* OF EODwate / 

Total 
EOD 

Fish Tissue 
(mg/kg, wet weight) (ug/L) BAY* OF 

Metals 
Aluminum 

Arltirnony 
Arsenic 
Barium 

£~~=rTli.~.rTl .. 
Chromium 
"co""." __ ''''''''''W'''_'''''''' 

Cobalt 

16.8 
~0:05~'~" 

'0.15 
2.4 

~~(f07 

0.30 
0.09 

g()ppeE. 

.1!.C>.f1...... , 
Lead 

3.5 
'~50:8 

·························~0:04 

Milfl9ilrl(3l)(3 
~[fl,lry... 
M()lY~c:l(:}rlllrn . 
Nickel 

"'6.4 
······0:02 

'0:15' 
.. "'0:20 

§(3lefliurn . '0.50 
§Y:()fl.til,lrn. 0 

I,V:~ca~:n."a::.:d:.:;iuc.:m..:.:............... ,...... ·······'~O.1 0 
Zinc 41.6 

Total 
EDD 

Note: The metals shown in this Attachment are those identified as fish tissue and surface water COPECs In the east branch of the Ompompanoosuc River. 
mg/kg, wt - milligrams per kilogram, weight wet 
ugiL - micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concem 

EDD - Estimated Daily Dose 
EBOR - East Branch of the Ompompanoosuc River 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 

DF - Dose Fraction of fish 
BAY - Bioavailability Adjustment Factor 
• - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS, 2006). No value for iron or strontium was listed, 100% bioavailability was assumed. 
- Antimony, arsenic, molybdenum, and vanadium were not selected as COPECs in fish. The RME value represents the maximum detected concentration or if not detected one half of the maximum non-detect detection limit. 
The CTE value represents the mean concentration. 
Strontium was not analyzed for in fish tissue, value is zero. 
Equations 

1 EDD.i., = IR.,., X C". X DF, X AUF X BAY I BW Area Use Factor (AUF) 1.0 

2 EDD""", = IRwo'M X Cwo,,, XAUF I BW Body Weight (BW) 1.0 

3 Total EDD = EDD.iot + EDDwo '" IR.", 0 .1995 

IR••,,, 0.099 

Created by: RAR 51112008 
Ompom-Mink:.xJsRME-CTE Dose 1011 QC'd by: EK 5/1312008 
G:\ALlSHARE\ESATBlo\Ely Mine\BERA\Food Chain ModeHng\Ompom\ 



Attachment 5.63 

Estimated Daily Dose for Mink at the Upstream Reference Section of the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


RME 
Ex osure Point Concentration 

Surface Water 

CTE 
Diet Ex osure Point Concentration 

Surface Water 

Diet 

COPECs 

Fish Tissue 
(mglkg, wet weight)** (ugIL) BAV* DF 

Total 
EDD 

Fish Tissue 
(mg/kg, wet weight) (ug/L) BAV* DF EDDdlet1 EDDwate,2 

Metals 
Aluminum 
~l1tirrl()rlY 
Arsenic 
Barium~· 
Cadmium 
Chromium 
Cobalt 

g~pp~r 
Iron[eacj"" 

2.1 
33.5 
0.03 
5.5 

0.03 
0.15 
0.20 

357 1.0 
0.07 1.0 
100 1.0 

··Z6.0" 
... ~'"" 

1.0 
2.5 1.0 
1.3 .0 

0.24 .0 
1.1 1.0 1.0 
318 1.0 1.0 
0.50 1.0 1.0 

"""'" 

32.2 1.0 1.0 .. 
0.05 0.25 1.0 
0.20 1.0 1.0 
0.65 1.0 1.0 

1.78E+00 3.54E-02 1.81 E+OO 604 
2.00E-02 6.44E-06 2.00E-02 0.07 
2.99E-02 9.90E~03"""·"· 3.98E:OZ 0.15 

~_, ~~,,~__o~~_'o,"o"o 'w' .. 
····4.651:::=01 ··Z:24.63E-01 2.57E-03 

4.31E-03 2A8E-04 4.56E-03 0.03 
7.18E-03 1.29E-04 7.31E-03 0.33 
3.99E-03 ·····2.38E~05· 

, ... ,' "''"'~--''''- , 

4.01E-03 0.02 .. ,,'"' ., V,,"," ,mw """·'''''V''V'''·'''''V''VW·'''''Y~ 

4.19E-01 1.09E-04 4.19E-01 1.2 
if68E+00 3.15E-02 6.71E+00 30.9 
5.99E-03 4.95E~05 ....... 6.03E=03 0.03 
1:10E+00" T18E~03 ···1.iOE+OO 5.3" v~,,,,,.__,,,v,__ .,,_ 

1.30E-03 4.95E-06 1.30E-03 0.02 
2.99E-02 1.98E-05 2.99E-02 0.15 
3.99E-02 6.44E~05· 4:00E=02" 0.20 

M9D9(3J"1El~e 
fIt1ElEcLJry 
to()ly~dElI1LJrrl 
Nickel 
Selenium 
Strontium 
Vanadium 
Zinc 

,",,,",,,.,__ 'VV"'_"'~~__ 

0040 
."A.··.·A'''"'•• 

1.7 0.57 4:55E=OZ 
v-.,,~. ""·"'·""·A'~.._"'. ······0.40·1.0 1.68E-04 4.57E-02 

'~'AV~'''.,.·_·~_..-<c_", 

0 197 1.0 1.0 O.OOE+OO 1.95E-02 1.95E-02 
0.10 0.91 1.0 1.0 2.00E-02 9.01 E-05 2.00E-02

····42:5 ··10:7 ·····1.0 .. 
1.0 S:48E+06 ·"1:06E=03 8:48E+00 

0 
0.10 
39.0 

178 
904 

45.8 
' '-""'"'''''''-'''''''~''''''~'-'-'~'''~''' 

21.3 
2.1 
3.8 
2.0 
2.7 
166 
7.Z 

.. v.".w··" 

·····24:1 
'"""""w,'''"''' 

0.05 
1.2 

0.86 
4.4 

"'."'. 

... 

1.0 
1.0 
rO 
1.0 

O".·zK 

1.0 
To 
0.57.. ... 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

3:99E:"02 . 
4];S"E=OZ" -3:65 
O~O·OE+OO "1.32E-02 
2.00E-02 
7:78E+00 

Total 
EDD 

Note: The metals shown in this Attachment are those identified as fish tissue and surface water COPECs in the east branch of the Ompompanoosuc River. 
mg/kg. wt - milligrams per kilogram. weight wet 
ug/L - micrograms per liter 
mg/kg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EBOR - East Branch of the Ompompanoosuc River 

EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
OF - Dose Fraction of fish 
BAV - Bioavailability Adjustment Factor 
**- Strontium was notanalyzed for in fish. value is zero. 

* - Source: Section 1.0 (mammals) and Section 2.0 (Birds) in Appendix S of the Elizabeth Copper Mine BERA (URS. 2006). No value for iron or strontium was listed. 100% bioavailability was assumed. 
Equations 

1 EDD.~I =IR.~IX Cfi", X DFi XAUF X BAV 1BW Area Use Factor (AUF) 1.0 

2 EDDwal., = IRw.,., X Cwe,", X AUF 1BW Body Weight (BW) 1.0 

3 Total EDD = EDD.i•1 + EDDw• te, 

IRw.,,, 0.099 

G:\ALLSHAREIESATBIOIEly MinalBERAIFood Chain ModalinglOmpoml Created by: RAR 5/1/2008 

Ompom-Mink-REF.xlsRME-CTE Do•• 1011 QC'd by: EK 5/13/2008 




                                                           
                                                                                                             

                                                                                                                                                                  
 

 

 

 
 

 

 

  
 

 

 
  

  
 
 

 

 

 

 

 
 

 
 

 
 

  
 

  
 

Final Baseline Ecological Risk Assessment                              U.S EPA – New England Region 
Ely Copper Mine Superfund Site   Revision 2.0 
Vershire, VT June 2010 

SECTION 6.0: EFFECTS ANALYSIS 

6.1 INTRODUCTION 

The effects analysis is a qualitative and quantitative evaluation of the toxicity of the COPECs to 
the receptor groups of concern.  The effects analysis for the aquatic portion of the Ely Copper Mine BERA 
consisted of the following three major components:  

Toxicity-based benchmarks: 

•	 sediment benchmarks 
•	 surface water benchmarks 
•	 CBRs for salmonids 
• TRVs for birds and mammals 

Toxicity testing: 

•	 whole sediment toxicity testing using the amphipod H. azteca (28-day exposures) and the larvae 
of the midge fly C. tentans (10-day exposures) 

•	 96-hour acute toxicity testing of sediment pore water samples using C. tentans and H. azteca 
•	 seven-day chronic toxicity testing of surface water samples using P. promelas (fathead minnow) 
•	 in-situ toxicity testing at the on-site ponds using eggs and tadpoles of the wood frog (Rana 

sylvatica) 

Field community surveys: 

•	 benthic surveys 
•	 fish surveys 

6.2 TOXICITY-BASED BENCHMARKS 

6.2.1 Sediment benchmarks 

No effect and effect sediment benchmarks are used to assess the potential for ecological risk 
from exposure to contaminated substrate.  The no effect sediment benchmarks are those used to select 
COPECs in the SLERA (see Appendix 6). The published sources of effects sediment benchmarks used 
in the evaluation are described below.  This list is expanded from the one presented in the Elizabeth 
Copper Mine BERA (URS, 2006) by including effects benchmarks developed by Long et al. (1995) and 
Persaud et al. (1993) in order to complement the existing values.  The order of preference (from highest 
preference to lowest preference) for selecting the effect sediment benchmarks is as follows: 

• The Probable Effect Concentrations (PECs) (McDonald et al., 2000) 

• The Effects Range – Median (ER-Ms) (Long et al., 1995) 

• Severe Effect Levels (SELs) Ontario Provincial Sediment Quality Guidelines (Persaud et al., 1993). 

The consensus-based PECs represent contaminant levels at which harmful effects in benthic 
invertebrates are likely to be observed.  The ER-Ms represent contaminant levels in sediment at which 
the incidence of effects are likely to be observed.  Finally, the SELs represent contaminant levels at which 
the sediment is considered heavily polluted and likely to affect the health of sediment-dwelling organisms. 
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Final Baseline Ecological Risk Assessment                              U.S EPA – New England Region 
Ely Copper Mine Superfund Site   Revision 2.0 
Vershire, VT June 2010 

Attachment 6.1 presents all of the available effect sediment benchmarks for metals.  The shaded 
values were retained for use in the BERA.  Exhibit 6.1 summarizes the COPEC-specific no effect and 
effect sediment benchmarks used in the risk characterization. 

Exhibit 6.1: No effect and effect sediment benchmarks (mg/kg, dw) 

COPEC No Effect Effect 

Aluminum 25,500 NA 

Antimony 12 NA 

Arsenic 9.79 33 

Barium 0.7 NA 

Beryllium NA NA 

Cadmium 0.99 4.98 

Chromium 43.4 111 

Cobalt 50 NA 

Copper 31.6 149 

Cyanide 0.0001 NA 

Iron - a 40,000 

Lead 35.8 128 

Manganese 630 1,100 

Mercury (inorganic) 0.17 1.06 

Mercury (organic) 0.00001 NA 

Molybdenum NA NA 

Nickel 22.7 48.6 

Selenium 0.29 NA 

Silver 0.5 3.7 

Strontium NA NA 

Thallium NA NA 

Tin 5.0 NA 

Vanadium 50 NA 

Zinc 121 459 
NA = not available 
a the no effect benchmark for Fe equals188,400 mg/kg (dw), which exceeds the effect benchmark for this analyte by a factor of 
four. The lower effect benchmark is retained in order to make the assessment conservative 

6.2.2 Surface Water Benchmarks 

Acute and chronic surface water benchmarks were used to assess the potential for ecological 
risk from exposure to surface water.  The chronic benchmarks were the ones used for selecting COPECs 
in the SLERA (see Appendix 6). The published sources used to select acute surface water benchmarks 
were as follows:   

• Acute freshwater NRWQCs (USEPA, 2006) 
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Final Baseline Ecological Risk Assessment                              U.S EPA – New England Region 
Ely Copper Mine Superfund Site   Revision 2.0 
Vershire, VT June 2010 

• Maximum Allowable Concentrations (MACs) (State of Vermont, 2006) 

• Secondary Acute Values (SAVs) by Suter and Tsao (1996) 

Both the acute NRWQCs and MACs represent the highest concentration of dissolved metals 
to which aquatic life can be exposed for a short period of time (one-hour average) once every three years 
without deleterious effects.  The SAVs have been calculated based on the same general methodology 
developed for the acute NRWQC, except for using less complete toxicity data sets. 

Attachment 6.2 presents the acute (effect) surface water benchmarks for metals.  The shaded 
values were used in the BERA.  The toxicity values for the hardness-dependent metals (i.e., Cd, Cr, Cu, 
Pb, Ni, Si [MAC only], and Zn) were standardized to 100 mg/L hardness.  Exhibit 6.2 summarizes the 
COPEC-specific no effect and effect surface water benchmarks. 

Exhibit 6.2: Acute and chronic surface water benchmarks (µg/L) 

Analyte Acute Chronic 

Aluminum 750 87 

Antimony 180 80 

Arsenic 340 150 

Barium 110 - a 

Beryllium 35 3.6 

Cadmium 2.0 0.25 

Chromiumb 16 11 

Cobalt 1,500 24 

Copper 13 9.0 

Cyanide 22 5.2 

Iron NA 1,000 

Lead 65 2.5 

Manganese 2,300 120 

Mercury (inorganic) 1.4 0.77 

Mercury (organic) 0.099 0.00246 

Molybdenum 16,000 370 

Nickel 470 52 

Selenium 20 5.0 

Silver 3.2 0.32 

Strontium 15,000 1,500 

Thallium 110 40 

Tin 2,700 180 

Vanadium 280 12 

Zinc 120 120 
NA = not available 
a the no effect benchmark for Ba equals 220 µg/L, which exceeds the effect benchmark for this analyte by a factor of two. The 
lower effect benchmark is retained in order to make the assessment conservative 
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b the benchmarks are for Cr(VI) which is substantially more toxic than Cr(III) 
NA = not available 

6.2.3 Critical Body Residues 

CBRs represent conservative tissue concentrations in test organisms at which a particular 
response (or lack of response) has been reported following exposure to single contaminants.  The CBRs 
(mg/kg ww) used in the Ely Mine BERA were derived from published literature data.  These CBRs 
represent tissue residue data for salmonid species because brook trout (Salvelinus fontinalis) and juvenile 
Atlantic salmon (Salmo salar) are two critical fish species present in the waterways affected by the Site.  

Appendix 7 describes the process used for developing the no effect and effect fish CBRs.  
Exhibit 6.3 presents the final CBRs used in the BERA.  CBRs were developed for each inorganic 
compound detected in at least one of the fish tissue samples collected from the waterways affected by 
the Site. CBRs were not developed if an inorganic compound was not detected in any of the fish tissue 
samples.  Published fish residue data to develop CBRs for Barium (Ba), Beryllium (Be), Cobalt (Co), Iron 
(Fe), Manganese (Mn), Ag, and Thallium (Th) were not available.  These metals, if present above their 
DLs in the field-collected whole fish samples, were treated as uncertainties in the risk characterization of 
the BERA. 

Exhibit 6.3: Whole body CBRs for salmonids 

Chemical 
Critical Body Residues (mg/kg, ww) 

No effect Effect 

Aluminum 4.2 13.5 

Antimony 5.0 9.0 

Arsenic 1.8 4.2 

Barium NA NA 

Beryllium NA NA 

Cadmium 0.10 0.29 

Chromium 0.58 NA 

Cobalt NA NA 

Copper - a 2.4 

Iron NA NA 

Lead 3.8 4.0 

Manganese NA NA 

Mercury (inorganic) - b 0.73 

Mercury (organic) - c 4.3 

Nickel 0.82 NA 

Selenium 0.37 0.76 

Silver NA NA 

Thallium NA NA 

Vanadium 0.02 0.41 

Zinc 16.4 NA 
NA = no data available 
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a the no effect CBR for Cu (3.1 mg/kg ww) exceeded its effect CBR (2.4 mg/kg ww). Only the effect CBR will be used in the BERA. 

b the no effect CBR for inorganic Hg (0.84 mg/kg ww) exceeded its effect CBR (0.73 mg/kg ww). Only the effect CBR will be used in 

the BERA. 

c the no effect CBR for organic Hg (7.0 mg/kg ww) exceeded its effect CBR (4.3 mg/kg ww). Only the effect CBR will be used in the 

BERA. 


6.2.4 Toxicity reference values for wildlife receptors 

The Elizabeth Copper Mine BERA (URS, 2006) developed COPEC-specific No Observed 
Adverse Effect Level (NOAEL) TRVs (i.e., no effect TRVs) and Lowest Observed Adverse Effect Level 
(LOAEL) TRVs (i.e., effect TRVs) for birds and mammals.  This reference should be consulted for details 
on the studies that were evaluated and the TRV selection process.  Exhibit 6.4 summarizes the final 
TRVs.  These values were used in this BERA to asses the toxicity of COPECs that were modeled to be 
ingested by wildlife receptors feeding on fish or emerging insects at the waterways affected by the Site.  

Exhibit 6.4: No effect and effect TRVs for birds and mammals 

Analyte 
Bird receptors Mammal receptors 

No Effect TRVsa Effect TRVsa No Effect TRVsa Effect TRVsa 

Aluminum NA NA NA NA 

Antimony NA NA 13.3 66.5 

Arsenic 5.5 22 5.7 11.6 

Barium 208 416 51.8 259 

Beryllium NA NA 0.53 2.7 

Cadmium 1.9 21.1 5.1 7.1 

Chromium 37.7 75.4 8.8 44.2 

Cobalt 7.61 38.1 7.3 36.7 

Copper 33 62 11.7 15.1 

Iron NA NA NA NA 

Lead 7.4 37 34 80 

Manganese 977 4,885 88 284 

Mercury (inorg.) 0.45 0.91 13.2 56 

Mercury (org.) 0.14 0.68 0.08 0.12 

Molybdenum 7.1 35.3 2.6 13 

Nickel 80 107 60 80 

Selenium 0.4a 0.8a 0.35 1.05 

Silver 14.5 43.6 44.4 222 

Strontium NA NA NA NA 

Thallium NA NA 0.2 1.0 

Tin NA NA NA NA 

Vanadium 11.38 56.9 5.9 8.3 

Zinc 14.5 131 160 320 

Cyanide receptor-specificb,c 68.7 343.5 

6-5
 



                                                           
                                                                                                             

                                                                                                                                                                  
 

 

 

 

 

 

 
  

 

 

 

 
  

 
 

 
 

 
 

 

 
 

Final Baseline Ecological Risk Assessment                              U.S EPA – New England Region 
Ely Copper Mine Superfund Site   Revision 2.0 
Vershire, VT June 2010 

Source: Sections 5.1.3.3 (Birds) and 5.1.3.4 (Mammals), and Table 5-2 (for birds exposed to cyanide) in the Elizabeth Copper Mine 
BERA (URS, 2006)  

all of the values have units of mg COPEC/kg BW/day 
NA = not available 

a The no effect TRV = 1.6 mg Se/kg BW/day and the effect TRV = 3.2 mg Se/kg BW/day for the tree swallow and kingfisher 
b The no effect TRV = 3.3 mg CN/kg BW/day and the effect TRV = 4.3 mg CN/kg BW/day for the tree swallow 
c The no effect TRV = 0.52 mg CN/kg BW/day and the effect TRV = 0.68 mg CN/kg BW/day for the king fisher 

The bird or mammal TRVs were not scaled to account for differences in body mass between the 
test species used to derive the TRV and the wildlife ROC used in the BERA.  Such an approach was 
routinely applied in the 1990’s, but has been shown to not be supported by the available scientific 
evidence.  The rationale for avoiding body mass scaling is provided in Section 5.1.3.2 in the Elizabeth 
Copper Mine BERA (URS, 2006). 

6.3 TOXICITY TESTING 

6.3.1 Bulk sediment toxicity testing 

Bulk sediment samples were collected on August 22 and 23, 2006 as follows (see also Figure 1 
in Appendix 8): 

•	 Three samples from the main stem of Ely Brook (EB2, EB3 and EB4), plus one reference sample 
in Ely Brook (EB1-ref) collected upstream of potential mining influences. 

•	 Three samples from Schoolhouse Brook (SB3, SB4, and SB5a, and its duplicate - SH5b), plus 
one reference sample collected above the confluence of Schoolhouse Brook with Ely Brook 
(SHB1-ref). 

•	 One sample from the EBOR (OR-3) collected less than 0.5 miles downstream of the confluence 
with Schoolhouse Brook, plus one reference sample collected in the EBOR above the confluence 
(OR1-ref). 

Twenty five to 30 representative subsamples at each sampling location were obtained across the 
stream channel and composited.  The tests took place at the USGS Columbia Environmental Research 
Center (CERC) in Columbia, MO.  The samples were evaluated for toxicity using eight-day old juveniles 
of the freshwater amphipod, Hyallela azteca, and about 10-day old (second instar stage) larvae of the 
midge insect, Chironomus dilutus. The amphipods were exposed for 28 days, whereas the midge larvae 
were exposed for 10 days.  Each sediment sample was also characterized for metal concentrations and 
other physical and chemical properties (i.e., moisture content, particle size distribution, AVS-SEM, and 
TOC). 

Eight replicates per sediment sample and the laboratory control were prepared for each species. 
Ten test organisms were introduced in each test beaker.  The test was static-renewal, with two daily 
changes of the overlying water.  The organisms were fed daily.  The test endpoints were survival and 
growth (length) for the amphipods and survival and growth (ash-free dry weight) for the midges.  
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Exhibit 6.5 summarizes the results and the outcome of the statistical analyses detailed in 
Appendix 8. 

Exhibit 6.5: Survival and growth in H. azteca and C. dilutus exposed to bulk sediment 

Ely Brook Schoolhouse Brook The EBOR 
EB1
ref EB2 EB3 EB4 SB1-ref SB3 SB4 SB5a SB5ba 

OR1
ref OR3 

H. azteca (amphipod) survival (%) after 28 days 

93.8 68.8* 6.3* 91.3 93.8 52.5* 64.3* 52.5* 68.8* 93.8 91.3 

H. azteca (amphipod) growth (mg) after 28 days 

3.24 2.45* 1.96* 3.39 3.31 2.43* 2.53* 2.55* 2.48* 3.21 3.17 

C. dilutus (midge) survival (%) after 10 days 

63.8 61.3 65 72.5 76.3 80 62.5 67.5 83.8 90 83.8 

C. dilutus (midge) growth (mg) after 10 days 

0.47 0.37* 0.20* 1.56 0.46 0.26* 0.28* 0.31* 0.49 0.47 0.83 
a Sample SHB5b is a duplicate of SHB5a 
* indicates that the response is significantly different from the reference 

The toxicity test results can be summarized as follows: 

H. azteca 

The test met the Test Acceptability Criterion (TAC), with 93.8% survival (minimum required is 
80% survival) observed in the laboratory control sample after 28 days of exposure. 

• Main stem of Ely Brook 

Survival and growth in two of the three bulk sediment samples decreased significantly compared 
to the upstream reference sample.  Surprisingly, EB4 was not toxic, even though this sample had 
the highest levels of Cu, both in the bulk sediment phase (5,950 mg/kg) and the filtered pore 
water phase (2,140 µg/L). These concentrations should have resulted in rapid and complete 
mortality. The reason for the lack of toxicity was not known.  It was suspected that the renewal 
water (pH of 8.2 and alkalinity equal to 100 mg/L as CaCO3) may have increased the pore water 
pH in this sample, thereby causing the dissolved metals to precipitate out and become non
bioavailable (see Appendix 8). 

• Schoolhouse Brook 

Survival and growth in all bulk sediment samples decreased significantly compared to the 
upstream reference sample.  These results indicated that the sediment in the entire portion of 
Schoolhouse Brook affected by AMD was toxic to amphipods down to the confluence with the 
EBOR. 

• The EBOR 

Survival and growth in the one bulk sediment sample collected from the EBOR below the 
confluence with Schoolhouse Brook was no different from the upstream reference sample. 
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C. dilutus 

The toxicity test met the TAC, with 86.3% survival (minimum required is 70% survival) observed 
in the laboratory control sample after 10 days of exposure. 

• Main stem of Ely Brook 

Survival in the three bulk sediment samples was not different compared to the upstream 
reference sample from Ely Brook.  One reason for this pattern may be that survival in the 
reference sample was relatively low (63.8%) and also fell below the TAC.  However, growth was 
significantly lower in two of the three samples.  The one exception was again EB4, even though 
this sample had the highest levels of Cu.  The lack of apparent toxicity may have been due to 
chemical changes caused by the renewal water.    

• Schoolhouse Brook 

Survival in all of the sediment samples did not differ significantly compared to the upstream 
reference sample, whereas growth was significantly reduced.  However, growth in the duplicate 
sample (SB5b) did not differ from the upstream reference sample.  Nonetheless, these results 
indicated that the substrate in the entire portion of Schoolhouse Brook affected by AMD was toxic 
to midge fly larvae down to the confluence with the EBOR.  

• The EBOR 

Survival and growth in the one bulk sediment sample collected from the EBOR below the 
confluence with Schoolhouse Brook was no different from the upstream reference sample. 

In summary, both test species responded negatively when exposed to bulk sediment from the 
main stem of Ely Brook and the AMD-impacted reach of Schoolhouse Brook.  The one sediment sample 
collected from the EBOR less than 0.5 mile downstream from its confluence with Schoolhouse Brook was 
non toxic to either species.  The toxic responses in the amphipods were stronger than those observed in 
the midges.  One reason may be that the amphipods were exposed for longer (28 days) compared to the 
midges (10 days).  

6.3.2 Sediment pore water toxicity testing 

Sediment pore water samples were collected on August 22, 2006 as follows (see also Figure 1 in 
Appendix 9): 

•	 Three samples from the main stem of Ely Brook (EB2, EB3 and EB4). 

•	 One reference sample from Schoolhouse Brook above the confluence with Ely Brook (SB 1 REF). 

•	 Three samples from Schoolhouse Brook between the confluence with Ely Brook and the EBOR 
(SB3 to SB5). 

•	 One sample from the EBOR downstream from the confluence with Schoolhouse Brook (OMP3). 

The pore water was collected using metal push point samplers consisting of an inner portion and 
an outer portion.  The sampler was driven [about 6”] into the sediment at each sampling location.  The 
inner portion of the sampler was then removed, with the outer portion remaining in the substrate.  A mini 
well with a screen was inserted in the push point sampler.  A plastic hose was connected to the top of the 
well and water was gently withdrawn using a syringe at a rate of about 100 mL per minute.  The 
conductivity of the pore water was continuously monitored.  The sample aliquots for chemical analyses 
and toxicity testing were obtained only after the conductivity reading stabilized. 
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The tests took place at the NERL in North Chelmsford, MA.  All of the samples were tested 
undiluted using 14 to 21 day-old juveniles of the freshwater amphipod, H. azteca, and 11- to 12-day old 
(second-to-third instar larval stage) juveniles of the midge insect, C. tentans. All exposures lasted for 96 
hours. 

Ten replicates of each pore water sample and the laboratory control were prepared for each 
species to start the test.  The test was static, non-renewal.  The organisms were fed at 0 and 48 hours. 
The test endpoints consisted of survival after 96 hours of exposure. 

Exhibit 6.6 summarizes the results and the outcome of the statistical analyses detailed in 
Appendix 9). 

Exhibit 6.6: Survival in H. azteca and C. tentans exposed to sediment pore water for 96 hours 
reference Ely Brooka Schoolhouse Brook EBORb 

SB1-ref EB2 EB3 EB4 SB3 SB4 SB5 OMP3 
H. azteca survival (%) 

85% 40%* 10%* 0%* 100% 85% 85% 90% 
C. tentans survival (%) 

100% 100% 100% 50% 90% 100% 90% 100% 
a only the results of the undiluted Ely Brook samples are presented in this table 
b EBOR = east branch of the Ompompanoosuc River  
* indicates that the response is significantly different from the reference 

The data can be summarized as follows: 

•	 The H. azteca toxicity test met the TAC, with 100% control survival.  All three pore water samples 
collected from Ely Brook were acutely toxic after 96 hours of exposure.  Acute pore water toxicity 
was absent from the three Schoolhouse Brook and the EBOR sampling locations.   

•	 The C. tentans toxicity test did not meet the TAC because control survival was only 70%, instead 
of the minimum-required 90%.  However, survival was 100% at the reference location (SB1 ref).  
No statistically significant differences were found when short-term survival in Ely Brook and 
Schoolhouse Brook pore water was compared to the survival observed in the pore water 
reference sample. 

 In summary, H. azteca was by far the most sensitive of the two test species when exposed to 
sediment pore water for 96 hours.  Therefore, only the results of this species were evaluated in the risk 
characterization.  Also, the pore water collected at EB4 was acutely toxic to H. azteca, in contrast to the 
complete lack of toxicity observed after 28 days of exposure to the bulk sediment sample collected at the 
same location (see Exhibit 6.5). This pattern supported the interpretation that the bulk sediment 
chemistry in sample EB4 was altered by the high pH and relatively hard laboratory water used in the daily 
renewals. 

6.3.3 Surface water toxicity testing 

The surface water toxicity testing program consisted of a laboratory component and a field 
component. 

6.3.3.1 Laboratory component 

Surface water samples were collected on June 20, 2006 from three locations in Ely Brook and 
five locations in Schoolhouse Brook, as follows (see Figures 2.a and 2.b in Appendix 10): 
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•	 One reference sample from Pond 4 (EMTT-1-ref) located on the east branch of Ely Brook (note: 
pond 4 was subsequently identified to be impacted by AMD) 

•	 One sample from Pond 5 (EMTT-2) located on the east branch of Ely Brook downstream of Pond 
4. 

•	 One sample from the main stem of Ely Brook at the weir (EMTT-3). 

•	 One reference sample from Schoolhouse Brook above the confluence with Ely Brook (EMTT-4
ref). 

•	 Four samples from Schoolhouse Brook between the confluence with Ely Brook and the EBOR 
(EMTT-5 to EMTT-8). 

The seven-day toxicity tests took place at the NERL in North Chelmsford, MA.  The surface water 
samples used in toxicity testing were concurrently analyzed for metals.  All samples were tested undiluted 
for toxicity using neonates (< 24-hrs old) of the fathead minnow (Pimephales promelas). Four replicates 
of each of the surface water samples and the laboratory control were prepared to start the test. 250 mL of 
test water was added to each 300 mL beaker.  The water was renewed daily.  In addition, fresh renewal 
water was collected from the same field locations on June 23, 2006, except for EMTT-2 and EMTT-3 
because all of the fish exposed to water from these two locations had died.  The test endpoints consisted 
of survival and growth. 

The water flea (Ceriodaphnia dubia) was exposed concurrently with the P. promelas. Ten 
replicates of each surface water sample (on-site and reference) and the laboratory control were prepared 
to start the test. Each replicate consisted of 15 mL of sample added to a 20-mL culture tube.  One C. 
dubia neonate was added to each culture tube to start the test.  The water was renewed daily.  Fresh 
renewal water was collected from the same field locations on June 23, 2006, except for EMTT-2 and 
EMTT-3 because all of the C. dubia exposed to water from these two locations had died. The test 
endpoints consisted of survival and reproduction. 

The results of the laboratory control were reviewed to evaluate test validity at the end of the 
seven-day test period.  The P. promelas test met the quality control specifications.  The C. dubia test, on 
the other hand, was invalidated because neither the laboratory control nor the reference samples met the 
minimum TAC for control survival and reproduction, as specified in the laboratory protocol.  Only the fish 
data discussed below were used in the risk characterization.  

Exhibit 6.7 summarizes the results and the outcome of the statistical analyses for the fathead 
minnow test detailed in Appendix 10. 

Exhibit 6.7: Survival and growth in fathead minnows exposed to surface water for seven days 
Reference Pond 4 Pond 5 Ely Brook Schoolhouse Brook 
EMTT-4-ref EMTT-1-ref EMTT-2 EMTT-3 EMTT-5 EMTT-6 EMTT-7 EMTT-8 

SURVIVAL (%) 
92.5% 20%a 0%* 0%* 2.5%* 17.5%* 15%* 47.5%* 

AVERAGE DRY BIOMASSb (mg) 
0.39 mg 0.03 mga 0 mg* 0 mg* 0 mg* 0.03 mg* 0.02 mg* 0.10 mg* 

a the statistical significance of this data point was not tested because Pond 4 was found to be an unacceptable reference location 
b average dry biomass = measured dry weight ÷ number of exposed organisms 
* indicates that the response is significantly different from the reference 

The results indicated that of the two reference samples, only the one collected in Schoolhouse 
Brook upstream of the confluence with Ely Brook (EMTT-4-ref) was non-toxic to P. promelas. The 
reference sample collected from Pond 4 (EMTT-1-ref) was quite toxic, resulting in only 20% survival. 
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These data showed that pond 4 did not reflect reference conditions.  Likewise, the surface water sample 
collected from the main stem of Ely Brook at the weir (EMTT-3) was highly toxic, with no survival after 
less than three days of exposure.  Toxicity was also severe in the four samples collected from 
Schoolhouse Brook below the confluence with Ely Brook.  That response extended all the way to the 
confluence of Schoolhouse Brook with the EBOR (EMTT-8), covering a distance of over 2.0 miles.  The 
average dry biomass reflected the poor survival data.  

6.3.3.2 Field component 

6.3.3.2.1 Wood frog egg hatching success and initial tadpole survival 

In-situ toxicity testing using fertilized eggs of the wood frog (Rana sylvatica) was performed in 
May of 2007 in ponds 1, 4, and 5 located on the east branch of Ely Brook. Previous field observations 
indicated that all five ponds on the east branch were used extensively for breeding by amphibians during 
the spring season.   

Wood frog egg masses were collected on May 2, 2007 from a nearby off-Site reference pond. 
The egg masses were divided into clutches of about 20 eggs and combined randomly into test groups of 
about 100 eggs.  The eggs were then transported to the Site, slowly acclimated to the pond water for one 
hour, and placed in small, floating kitchen strainers located in specially built cages.  Four cages (i.e., four 
replicates) were deployed in the three on-Site ponds and the off-Site reference pond, for a total of 16 
cages (see Appendix 11 for details).  

The test recorded egg hatching success and initial tadpole survival after hatching.  The 
experiment ended on May 10, 2007 after almost all of the eggs in the ponds had hatched.  The hatching 
success and tadpole survival data were statistically analyzed to determine significant differences.  Exhibit 
6.8 summarizes the results and the outcome of the statistical analyses detailed in Appendix 11. 

Exhibit 6.8: Hatching success and initial survival in wood frog embryos exposed to pond surface 
water for eight days 

Off-Site reference Pond 1 
(on-Site reference) 

Pond 4 Pond 5 

HATCHING SUCCESS (%) 
89.7% 87.5% 93.7% 80.9% 

INITIAL TADPOLE SURVIVAL (%) 
87.8% 87.5% 93.7% 0.32%* 

* indicates that the response is significantly different from the references 

The data showed that the hatching success in the three on-Site ponds did not differ significantly 
from that observed in the off-Site reference pond.  However, all but one tadpole died in pond 5 shortly 
after hatching, whereas tadpole survival in the other two on-Site ponds was unaffected. 

The results suggest that the gelatinous eggs protected the developing wood frog embryos from 
the toxic surface water in pond 5.  However, the free-swimming tadpoles died soon after hatching when 
they were exposed directly to ambient conditions.  This pattern mirrored the one observed with the 
fathead minnow larvae exposed to water from pond 5 in the laboratory where all of the fish died within 24 
hours of the start of the exposure. 

The short-term exposure of the free-swimming tadpoles in pond 4 did not result in increased 
mortality. It is not known how long it took the eggs to hatch between their deployment on May 2, 2007 
and the end of the experiment on May 10, 2007.  However, it was unlikely that free-swimming tadpoles 
were present for more than a day or two before the experiment was ended on May 10, 2007.  Hence, the 
tadpoles in pond 4 would not have been exposed long enough to the ambient conditions to result in a 
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toxic response.  This interpretation was supported by the fact that the fathead minnow larvae exposed to 
water from pond 4 in the laboratory started dying only after 48 hours. 

6.3.3.2.2 Long-term wood frog tadpole survival 

A longer-term exposure using fresh tadpoles obtained from the off-Site reference pond was 
started after the hatching test was completed to track survival, growth, and development of the 
developing tadpoles for up to four weeks (see Appendix 12). 

Four floating cages, each containing fifty, one-week old wood frog tadpoles, were deployed on 
May 16, 2007 in the off-Site reference pond, pond 1 (on-Site reference pond), pond 4, and pond 5.  Each 
pond was visited twice a week.  During those visits, the tadpoles were inspected for survival and growth, 
all cages were scrubbed and rinsed, a filtered surface water sample was collected for dissolved metals 
analysis, and the surviving tadpoles were fed pre-weighed amounts of fish flakes (Tetramin) and a boiled 
leaf of romaine lettuce. 

The test ended after 24 days due to complete tadpole mortality at the off-Site reference pond and 
pond 1. It is speculated that the surface water quality was compromised due to excessive feeding and 
inadequate water circulation in the inner bag.  The early trends in the data confirmed that the conditions in 
Pond 5 were highly toxic to wood frog tadpoles (0% survival after 8 days).  The conditions in Pond 4 
resulted in 62.5% mortality after 8 days versus 12.5% mortality in the off-site reference pond and 14% in 
pond 1 (see Table 1 and Figure 1 in Appendix 12). The data from pond 4 strongly suggested toxicity but 
were ultimately inconclusive because survival in the reference ponds also declined steadily to zero after 
24 days. 

The results from the wood frog egg hatching study were used quantitatively in the risk 
characterization.  Only the data from day 8 (May 24, 2007) from the wood frog tadpole survival study 
were used qualitatively in the risk characterization due to severe limitations with the data. 

Field observations showed that ponds 1, 4, and 5 were used extensively as breeding habitat by 
the local frog populations (particularly wood frogs and green frogs) and salamander populations (red-
spotted newts).  Field personnel reported seeing many egg masses along the banks of these three ponds 
during repeated site visits to check the cages.  Tadpoles hatching from natural egg clutches deposited 
along the shallow edges of pond 5 appeared to die quickly as indicated by the many dead tadpoles seen 
laying on the substrate next to the egg clutches.  This field observation mirrored the mortality pattern seen 
in the tadpoles held in the cages deployed in pond 5. Dead tadpoles were not observed next to natural 
egg clutches in pond 4, suggesting that the hatched tadpoles were able to survive long enough to swim 
away from the egg masses.      

6.4 FIELD COMMUNITY SURVEYS 

6.4.1 Benthic community surveys 

Various locations on Ely Brook (but excluding the ponds on the east branch), Schoolhouse Brook, 
and the EBOR were occasionally assessed for macroinvertebrate community health since 1987 by the 
State of Vermont, the USGS, and others (Appendix 13). The macroinvertebrate data were collected 
using standard field sampling protocols developed by the VTDEC.  Both riffle and pool habitats were 
targeted. However, pools were not included in the VTDEC determination of Aquatic Life Uses (ALUs) 
because they are typically unproductive, do not represent the typical habitat found in these streams, and 
lack numerical guidelines for data interpretation.  

The macroinvertebrate samples were processed and analyzed using standard VTDEC 
procedures to determine the macroinvertebrate biological condition.  All organisms were identified to the 
lowest-practical taxon, except Oligochaeta (worms) which were identified to family.  The counts were 
used to calculate community metrics which represent different aspect of the structure and function of the 
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benthic community.  These site-specific values were then compared to ranges of values observed in 
minimally disturbed streams of similar size and nature in Vermont. 

Each macroinvertebrate sample was evaluated for the following eight metrics: 

•	 Density is a general indicator of secondary productivity. It represents the number of organisms in 
a sample. 

•	 Species richness is the total number of distinct taxa in a sample. 

•	 EPT index is a subset of species richness.  This metric represents the number of species in the 
less stress tolerant orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Tricoptera 
(caddies-flies).  

•	 The Percent Model Affinity of Orders (PMA-O) is a measure of order-level similarity to a model 
based on reference streams.  PMA-O is calculated by determining the % composition for each 
major group – Coleoptera (beetles), Diptera (true flies), Ephemeroptera, Plecoptera, Trichoptera, 
Oligochaeta, and Other – at the sampling location and comparing this value to the mean % 
composition values from the reference condition (i.e., the model). 

•	 The Biotic Index (BI) measures the tolerance of the macroinvertebrate assemblage to organic 
(i.e., nutrient) enrichment.  This metric is calculated by multiplying the number of organisms in a 
taxon by its assigned tolerance value.  The BI value is the total of all these products divided by 
the total number of individuals of each taxon assigned a tolerance value. 

•	 The percent Oligochaete (% Oligo) measures the % of the assemblage made up of the Order 
Oligochaeta.  This metric is calculated by dividing the number of Oligochaeta by the total number 
of organisms in the sample. 

•	 The EPT/EPT & Chironomidae (EPT/EPTC) represents the ratio of the less stress tolerant 
mayfly-stonefly-caddisfly orders to the generally more tolerant Chironomida (midges).  This metric 
is calculated by dividing the number of organisms from the orders Ephemeroptera, Trichoptera, 
and Plecoptera by that total plus the animals of the order Chironomidae from the same sample. 

•	 The Pinkham-Pearson Coefficient of Similarity – Functional Groups (PPCS-Func.) measures the 
functional feeding group similarity to a model based on the reference streams. Even though 
similar in concept to the PMA-O, it measures functional feeding group changes instead of 
taxonomic changes.  This metric is calculated by first determining the % composition of the six 
major functional groups (collector gatherer, collector filterer, predator, shredder-detritus, 
shredder-herbivore, scraper) in the sample.  The quotient of minimum/maximum between the 
sample location and the reference model for the stream category is determined for each 
functional group.  The PPCS-F is the sum of these quotients divided by six (i.e., the number of 
functional groups) 

The results of the benthic community surveys conducted at the Site are summarized below by 
stream. 

6.4.1.1 Main stem of Ely Brook 

Four locations were investigated for benthic invertebrate community health in 1987 and 2006: one 
reference location in the upper reach of Ely Brook (River Mile [RM] 0.9) and three locations in the main 
stem of Ely Brook (RM 0.7; RM 0.4; and RM 0.1).  

The upstream reference location was classified as very good – good. It supported the Vermont 
Class B ALUs macroinvertebrate biocriteria guidelines for Small High-Gradient (SHG) streams.  
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The three locations in the main stem of Ely Brook further downstream were all classified as poor, 
non-supporting of Vermont Class B ALUs macroinvertebrate biocriteria guidelines for SHG streams.  
Severe stress in the benthic invertebrate community was observed in the entire reach of the main stem of 
Ely Brook affected by AMD. 

6.4.1.2 Schoolhouse Brook 

Seven locations were investigated for benthic invertebrate community health in 1987, 1997, 2001, 
or 2006: two reference locations (RM 2.3 and RM 2.4) upstream of the confluence of Ely Brook with 
Schoolhouse Brook and five locations on Schoolhouse Brook below Ely Brook (RM 2.2 [just below the 
confluence with Ely Brook], RM 1.7, RM 1.0, RM 0.4, and RM 0.2 [just above the confluence with the 
EBOR]) . 

The two upstream reference locations were classified as excellent to good, and supporting of 
Vermont Class B ALUs macroinvertebrate biocriteria guidelines for SHG streams.  

The five locations further downstream were all classified as poor, non-supporting of Vermont 
Class B ALUs macroinvertebrate biocriteria guidelines for SHG streams.  Severe stress in the benthic 
invertebrate community was observed in the entire reach of Schoolhouse Brook affected by AMD. 

6.4.1.3 The EBOR 

Four locations were investigated for benthic community health in 2005 or 2006: one reference 
location (RM 16.1) upstream of where Schoolhouse Brook joins the EBOR and three locations further 
downstream on the EBOR (RM 15.9 [just below the confluence with Schoolhouse Brook], RM 15.6, and 
RM 7.3. 

The upstream reference location was classified as excellent – very good. The three locations 
below the confluence with Schoolhouse Brook were classified as good and very good. As a result, all 
four locations on the EBOR supported Vermont Class B ALUs macroinvertebrate biocriteria guidelines for 
Medium High-Gradient (MHG) streams.  No stress associated with AMD was observed in the benthic 
invertebrate community. 

6.4.2 Fish community surveys 

Various locations on Schoolhouse Brook and the EBOR were assessed occasionally for fish 
community health since 1987 by the State of Vermont, the United States Geological Survey (USGS), and 
others (Appendix 13). 

The fish data were obtained using standard field sampling protocols developed by the VTDEC.  
The field data were converted to Indices of Biotic Integrity (IBIs) which are comprised of multiple 
measures of fish assemblage structure, function, and condition.  These values are combined to provide a 
single numeric index which represents the overall biological integrity of the fish assemblage at each 
sampling location.  

The interpretation of this index varies depending on the size and type of stream.  Most of 
Schoolhouse Brook, up to about 0.5 mile from its confluence with the EBOR, was evaluated under the 
Cold Water Index of Biotic Integrity (CWIBI).  The lower end of Schoolhouse Brook and all of the EBOR 
was evaluated under the Mixed Water Index of Biotic Integrity (MWIBI).    

The CWIBIs were derived from the following seven fish metrics collected at each sampling 
location: 

• Total number of fish per 100 m2 (total #/100 m2). 
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•	 Number of native intolerant species. 

•	 Proportion of fish classified as cold water fish (cold water spp %). 

•	 Proportion of fish representing generalist feeders (general feeder %) 

•	 Proportion of fish representing top carnivores (top carnivore %) 

•	 Number of brook trout per 100 m2 

•	 Brook trout age class structure 

The MWIBIs were derived from the following nine fish metrics collected at each sampling location: 

•	 Total number of native fish species (richness) 

•	 Number and identity of native, intolerant fish species (No. intol. species) 

•	 Number and identity of native benthic insectivorous species (No. benthic insect. species) 

•	 Proportion of fish as white suckers and creek chubs (creek chub & white sucker %) 

•	 Proportion of fish as generalist feeders (gen. feeder %) 

•	 Proportion of fish as water column insectivores and benthic insectivores (insectivore %) 

•	 Proportion of fish as top carnivores (top carnivore &) 

•	 Proportion of fish with deformities, fin erosion, lesions, or tumors (anomalies %) 

•	 Number of fish per 100 m2 (total/100 m2) 

Appendix 13 provides the results of the fish surveys performed on Schoolhouse Brook and the 
EBOR. The assessments are summarized below. 

6.4.2.1 Schoolhouse Brook 

Seven locations were investigated for fish community health in 1988, 1997, 2000, 2001, or 2006: 
two reference locations (RM 2.3 and 2.4) upstream of where Ely Brook joins Schoolhouse Brook and five 
locations on Schoolhouse Brook below Ely Brook (RM 2.2 [just below the confluence with Ely Brook], RM 
1.7, RM 1.0, RM 0.4, and RM 0.2 [just above the confluence with the EBOR]) .  

The fish community at the two upstream reference locations was classified as excellent to good, 
based on the CWIBI.  

The five locations downstream of the confluence with Ely Brook were all classified as poor, based 
on the CWIBI (RM 2.2, RM 1.7, and RM 1.0) and the MWIBI (RM 0.4 and RM 0.2).  Severe stress to the 
fish community was observed in the entire reach of Schoolhouse Brook affected by AMD. 

6.4.2.2 The EBOR 

Five locations were investigated for fish community health in 2001, 2002, 2006 or 2007: one 
reference location (RM 16.1) upstream of where Schoolhouse Brook joins the EBOR and four locations 
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further downstream on the EBOR (RM 15.9 [just below the confluence with Schoolhouse Brook], RM 
15.6, RM 13.8 and RM 10.1.  

The upstream reference location was classified as good (2006) to very good (2001), based on the 
MWIBI. 

Two of the four downstream locations were classified as good (RM 15.9 [2006] and RM 10.1 
[2001]) based on the MWIBI, the third downstream location was classified as poor (RM 13.8 [2002]), and 
the last downstream locations (RM 15.6) was classified as both good (2007) and poor (2006).  The results 
of the fish surveys on the EBOR, though not as conclusive as the benthic community surveys on the 
same general stretch of river, did not indicate a systematic impact from AMD.  The reason is that the poor 
ratings were obtained at two locations further downstream of the location closest to the confluence of 
Schoolhouse Brook (i.e., RM 15.9), which itself showed a rating of good. One would expect the fish 
community at RM 15.9 to be at least as degraded as locations further downstream if AMD was 
responsible for the observed pattern.  Also, the fact that the MWIBI score at RM 15.6 went from poor in 
2006 to good in 2007 may suggest the potential for a sampling bias.  It is concluded that stress 
associated with AMD was not likely observed in the fish community at the EBOR, although this conclusion 
was not as definitive as for the benthic invertebrate community in the same waterway.   
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Data sources for the freshwater sediment benchmarks: 
1. MacDonald, D.o., C.G. Ingersoll, and TA Berger. 2000. Development and evaluation of consensus-based sediment 
quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxico!. 39:20-31. 

2. Long, E.R., D.o. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of 
chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 

3. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment 
quality in Ontario. Ontario Ministry of Environment and Energy. 



National Acute 
Water Quality 

Criteria 

Maximum 
Allowable Conc. 

Data sources for the freshwater benchmarks are as follows: 

Secondary Acute 
Values 

Suter and Tsao 

Benchmark 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 
2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of 
concem for effects on biota: 1996 revision. ES/ERlTM-96/R2. Oak National Laboratory. 
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SECTION 7.0: RISK CHARACTERIZATION 

7.1 INTRODUCTION 

The potential for ecological risk is quantified during risk characterization.  This phase, which 
represents the last stage of the BERA, is build around three sequential steps: 1) risk estimation; 2) 
uncertainty analysis; and 3) risk description. 

The exposure analysis and effects analysis are integrated during risk estimation to determine the 
likelihood of adverse effects to the assessment endpoints, given the assumptions inherent in the analysis 
phase.  The uncertainty analysis provides a context for the influences of those assumptions on the risk 
characterization process.  Finally, the risk findings are summarized, interpreted, and discussed in the risk 
description section using various lines of evidence which address the risk estimates as well as the 
uncertainties associated with them. 

The following three general approaches were used to support risk estimation in this BERA: 

• The Hazard Quotient HQ method 

• Statistical testing 

•	 Published community health criteria

 Exhibit 7.1 summarizes the risk estimation approach for each measurement endpoint. 

Exhibit 7.1: Summary of risk estimation approach by receptor group, exposure unit, and measurement 
endpoint for the aquatic portion of the Ely Copper Mine BERA 

Receptor 
Group 

Exposure 
Units Exposure Effect 

Risk Estimation 
Approach 

Benthic 
invertebrates 

Ponds; 
MSEB; 
SHB; the 
EBOR 

COPECs in bulk sediment  sediment 
benchmarks 

HQ method 

MSEB; 
SHB; the 
EBOR 

dissolved COPECs in sediment 
pore water 

surface water 
benchmarks 

HQ method 

ΣSEM-AVS SEM > AVS Qualitative evaluation 
of the data 

H. azteca and C. tentans exposed 
for 96 hrs to sediment pore water in 
the laboratory 

survival; growth statistical testing 

H. azteca and C. tentans exposed 
for 28 d and 10 d, respectively, to 
bulk sediment in the laboratory 

survival; growth statistical testing 

benthic invertebrate community 
assessment in the field 

community 
structure & function 

statistical testing; VT 
benthic community 
health criteria 
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Exhibit 7.1: Summary of risk estimation approach by receptor group, exposure unit, and measurement 
endpoint for the aquatic portion of the Ely Copper Mine BERA 

Receptor 
Group 

Exposure 
Units Exposure Effect 

Risk Estimation 
Approach 

Water 
column 
invertebrates 

Ponds dissolved COPECs in surface water surface water 
benchmarks 

HQ method 

C. dubia (water flea) exposed for 7 
days to surface water in the 
laboratory 

survival; 
reproduction 

The data could not 
be used because the 
test did not meet 
TAC 

Fish MSEB; 
SHB; the 
EBOR 

dissolved COPECs in surface water surface water 
benchmarks 

HQ method 

P. promelas (fathead minnow) 
exposed for 7 days to surface water 
in the laboratory 

survival; growth statistical testing 

SHB and 
the EBOR 

COPECs in whole fish collected 
from the field 

CBRs HQ method 

fish community assessment in the 
field 

community 
structure & function 

statistical testing; VT 
fish community 
health criteria 

Amphibians Ponds dissolved COPECs in surface water surface water 
benchmarks 

HQ method 

P. promelas (surrogate for 
amphibian embryo-larvae) exposed 
for 7 days to surface water in the 
laboratory 

survival and growth statistical testing 

wood frog egg and tadpoles 
exposed to pond water in the field 

hatching success 
and initial survival 

qualitative evaluation 
of the data only 

Insectivorous 
birds 

SHB; 
EBOR 

food chain modeling to calculate an 
EDD 

bird TRVs HQ method 

Insectivorous 
mammals 

SHB; 
EBOR 

food chain modeling to calculate an 
EDD 

mammal TRVs HQ method 

Piscivorous 
birds 

SHB; 
EBOR 

food chain modeling to calculate an 
EDD 

bird TRVs HQ method 

Piscivorous 
mammals 

SHB; 
EBOR 

food chain modeling to calculate an 
EDD 

mammal TRVs HQ method 

BERA = baseline ecological risk assessment 
CBR = critical body residue 
COPEC = contaminant of potential ecological concern 
EBOR = east branch of the Ompompanoosuc River 
EDD = estimated daily dose 
MSEB = main stem of Ely Brook 
HQ = hazard quotient 
SHB = Schoolhouse Brook 
TRV = toxicity reference value 
VT = Vermont 
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7.1.1 Hazard quotient 

7.1.1.1 Calculating HQs 

The HQ method compares measured or estimated exposures (i.e., sediment EPCs, pore water 
EPCs, surface water EPCs, whole fish EPCs, and wildlife EDDs) to corresponding toxicity values (i.e., 
sediment or surface water benchmarks, fish CBRs, or wildlife TRVs).  A COPEC-specific HQ is calculated 
using the following general equation: 

HQ = exposure concentration ) toxicity value (eq. 8.1) 

7.1.1.2 Interpreting the potential for ecological risk using the HQ  

The HQ approach used in this risk characterization determines potential ecological risk for two 
types of exposures (i.e., CTE and RME) using two sets of toxicity values (i.e., no effect and effect 
benchmarks, or the acute and chronic benchmarks for surface water and sediment pore water).  Hence, 
this approach generated six possible risk outcomes, together with a confidence level, for each COPEC 
(see Exhibit 7.2). 

Exhibit 7.2: Interpretative risk matrix for HQs 

Risk 
Scenario RME Case CTE case Risk Conclusion 

Confidence 
Level 

1 N ≤ 1 and E ≤1 N ≤ 1 and E ≤ 1 Adverse effects are unlikely high 

2 N > 1 and E ≤ 1 N ≤ 1 and E ≤ 1 Adverse effects are unlikely moderate 

3 N > 1 and E > 1 N ≤ 1 and E ≤ 1 Adverse effects are unlikely low 

4 N > 1 and E ≤ 1 N > 1 and E ≤ 1 Adverse effects are possible low 

5 N > 1 and E > 1 N > 1 and E ≤ 1 Adverse effects are possible moderate 

6 N > 1 and E > 1 N > 1 and E > 1 Adverse effects are possible high 
N = an HQ based on dividing an exposure by its appropriate no effect benchmark (or its “acute” benchmarks for surface water 

exposures) 

E = an HQ based on dividing an exposure by its appropriate effect benchmark (or its “chronic” benchmarks for surface water
 
exposures) 


Risk scenario 1 at one end of the spectrum predicts with high confidence that adverse effects are 
unlikely because neither the RME nor the CTE exceed their no effect benchmarks.  Risk scenario 6 at the 
other end of the spectrum predicts with high confidence that adverse effects are possible because both 
the RME and the CTE exceed their effect benchmarks.  The interpretative risk matrix is used to provide a 
richer context to help understand the potential for ecological risk based on HQs.  This matrix could not be 
used with risk estimates based on statistical testing or field community surveys.   

7.1.1.3 Calculating incremental risk for HQs 

The potential for risk derived from past mining-related activities must be differentiated from risks 
associated with local reference conditions.  This goal was achieved by calculating the Incremental Risk 
(IR) for each COPEC evaluated using the HQ method, as follows: 

IR = site HQ - reference HQ (eq. 8.2) 

Reference risk exceeded site risk if the IR for a particular COPEC fell below 1.0.  Under those 
circumstances, any site risk for that COPEC was considered unrelated to Site activities.  If the IR was 
above 1.0, then the site risk exceeded reference risk and the residual suggested the potential for Site
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related risk.  IRs could not be calculated for measurement endpoints other than HQs (i.e., all of the 
toxicity tests and the two field community surveys).   

An HQ risk analysis based on Exhibit 7.2 would have been unwieldy if it discussed both the no 
effect and the effect RME case and CTE case for each combination of COPEC, receptor, and EU.  
Instead, the discussion focused on the effect RME and CTE case (or the chronic RME and CTE case for 
surface water and pore water) in order to identify the risks with the greatest impacts on future 
management decision making.  

For the same reason, the final risk conclusion for each HQ-based measurement endpoint (see 
Attachments 8.1 to 8.7 in Section 8) focused further on the CTE effect (or chronic) IR case, which is 
represented by risk scenario 6 in Exhibit 7.2. Note, however, that all of the risk tables in the BERA 
provide the HQs for both the no effect (or acute) and the effect (or chronic) RME case and CTE case for 
completeness and easy referral. 

Finally, the discussions below implicitly assumed that the potential for ecological risk increased 
with higher HQs or IRs.  No attempt was made to quantify the term “higher” because HQs and IRs do not 
measure relative risk, nor are they linearly scaled metrics of risk.  Instead, the text simply reflected the 
general view that higher HQs or IRs were less desirable than lower values, if only because the former 
may have an (unmeasurable) increased likelihood of resulting in an ecological risk. 

7.1.2 Statistical testing 

Statistics were used to analyze the results of all the toxicity tests (sediment, pore water, surface 
water both in the laboratory and in the field).  A potential for ecological risk was assumed to be present if 
the responses observed in the Site samples were statistically different from those measured at the 
reference location(s).  IRs could not be calculated for the measurement endpoints based on statistical 
testing.   

7.1.3 Community health criteria 

The benthic invertebrate and fish community data collected from the waterways at and 
downstream from the Site were compared to upstream reference locations and to community health 
criteria developed by the State of Vermont for these types of habitats.  Ecological risk was assumed to be 
present if the index of biotic integrity measured at a Site location fell below the published thresholds 
indicative of non-impaired communities.  IRs could not be calculated for the measurement endpoints 
based on community surveys. 

7.2 ASSESSMENT ENDPOINT 1: BENTHIC INVERTEBRATES 

A stable and healthy benthic invertebrate community: Are the COPEC levels in sediment sufficiently 
high to cause biologically-significant changes or impair the function of the benthic invertebrate community 
in the on-site ponds and the three streams affected by the Site?  

The potential for ecological risk to the benthic invertebrate community in the ponds, main stem of 
Ely Brook, Schoolhouse Brook, and the EBOR were assessed using five measurement endpoints. 
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7.2.1 Measurement endpoint 1.A: 

Compare the COPEC levels in bulk sediment samples to no effect and effect sediment 
benchmarks 

• On-Site ponds 

Pond 2: 


Site RME and CTE effect HQs were exceeded only by Cr (Attachment 7.1). 


No reference RME and CTE effect HQs exceeded 1.0 (Attachment 7.2). 


None of the RME and CTE effect IRs exceeded 1.0 either (Attachment 7.3). 


It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 

was unlikely in pond 2. 


Pond 3: 


Site RME and CTE effect HQs were exceeded only by Mn (Attachment 7.4). 


No reference RME and CTE effect HQs exceeded 1.0 (Attachment 7.2). 


The RME and CTE effect IRs for Mn equaled 2.4 and 2.5, respectively (Attachment 7.5). 


It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 

was possible in pond 3.  However, the exceedances of Mn in bulk sediment were small and 

unlikely to cause severe impairment. 


Pond 4: 


Site RME and CTE effect HQs were exceeded by Cu, Mn, and Ni (Attachment 7.6). 


No reference RME and CTE effect HQs exceeded 1.0 (Attachment 7.2). 


The RME and CTE effect IRs exceeded 1.0 for Cu (RME IR = 2.1 and CTE IR = 2.2) and Mn 

(RME IR = 1.7 and CTE IR = 1.2) (Attachment 7.7). 


It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 
was possible in pond 4.  However, the exceedances by both Cu and Mn in bulk sediment were 
small and unlikely to cause severe impairment by themselves. 

Pond 5: 


Site RME and CTE effect HQs were exceeded by Cu, Mn, Ni, and Zn (Attachment 7.8). 


No reference RME and CTE effect HQs exceeded 1.0 (Attachment 7.2). 


The RME and CTE effect IRs exceeded 1.0 only for Cu (RME IR = 23 and CTE IR = 23) 

(Attachment 7.9). 


It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 

was possible in pond 5.  The presence of high concentrations of Cu in bulk sediment was likely to 

cause severe impairment.      
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• Main stem of Ely Brook 

Site RME and CTE effect HQs were exceeded by Cu, Fe, Mn, and Ag (Attachment 7.10). 

Reference RME and CTE effect HQs were exceeded by Cu and Mn (Attachment 7.11). 

The RME and CTE effect IRs exceeded 1.0 for Cu (RME IR = 21 and CTE IR = 19) and Fe (RME 
IR = 3.0 and CTE IR = 2.7) (Attachment 7.12). 

It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 
was possible in the main stem of Ely Brook.  The presence of high concentrations of Cu in bulk 
sediment was likely to cause severe impairment.  

•	 Schoolhouse Brook 

Site RME and CTE effect HQs were exceeded only by Cu (Attachment 7.13). 

None of the reference RME and CTE effect HQs exceeded 1.0 (Attachment 7.14). 

The RME and CTE effect IRs exceeded 1.0 only for Cu (RME IR = 3.2 and CTE IR = 1.9) 
(Attachment 7.15). 


It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 

was possible in the main stem of Ely Brook.  However, the exceedances for Cu in bulk sediment 

were small and unlikely to cause severe impairment by themselves.
 

•	 The EBOR 

None of the Site or reference RME and CTE effect HQs exceeded 1.0 (Attachments 7.16 and 
7.17). Hence, none of the effect RME and CTE IRs exceeded 1.0 either (Attachment 7.18). 

It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 
exposed to bulk sediment was unlikely in the EBOR. 

Risk conclusion for measurement endpoint 1.A 

Measurement endpoint 1.A identified Cu as a likely stressor to the benthic invertebrate 
communities exposed to sediment in pond 5 and the main stem of Ely Brook.  One or two small 
exceedances of RME and CTE effect IRs were also present in ponds 3 and 4, and in Schoolhouse Brook, 
but were unlikely to cause severe impairment by themselves.  No risk to the benthic invertebrate 
communities was identified in pond 2 and the EBOR based on sediment benchmark exceedances.  The 
WOE for this measurement endpoint was “low”. 

7.2.2 Measurement endpoint 1.B: 

Compare the dissolved COPEC levels in sediment pore water samples to surface water 
benchmarks 

•	 On-Site ponds 

Sediment pore water samples were not collected from any of the ponds on the east branch of Ely 
Brook for chemical analyses.  
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• Main stem of Ely Brook 

Site RME and CTE chronic HQs were exceeded by Al, Be, Cd, Co, Cu, Mn, Hg, and Zn 
(Attachment 7.19). 

Reference RME and CTE chronic HQs were exceeded by Al, Be, Cd, Mn, and Hg (Attachment 
7.20). 

The RME and CTE chronic IRs were exceeded by Al (RME IR = 4.2 and CTE IR < 1.0), Cd (RME 
IR = 4.9 and CTE IR < 1.0), Co (RME IR = 3.9 and CTE IR = 1.3), Cu (RME IR = 14 and CTE IR 
= 4.7), and Mn (RME IR = 30 and CTE IR = 6.4) (Attachment 7.21). 

It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 
in the main stem of Ely Brook was possible from exposure to sediment pore water.  The presence 
of relatively high concentrations of Cu and Mn was likely to cause impairment. 

• Schoolhouse Brook 

Site RME and CTE chronic HQs were exceeded by Al, Be, Cd, Cu, Mn, Se,Tl, and Zn 
(Attachment 7.22). 

Reference RME and CTE chronic HQs were exceeded by Al, Be, Cd, and Mn (Attachment 7.23). 

The RME and CTE chronic IRs were exceeded by Al (RME IR = 1.2 and CTE IR < 1.0), Cd (RME 
IR = 1.1 and CTE IR < 1.0), Cu (RME IR = 2.7 and CTE IR < 1.0), Se (RME IR = 1.4 and CTE IR 
< 1.0), Tl (RME IR = 12 and CTE IR = 6.7), and Zn (RME IR = 1.2 and CTE IR < 1.0) 
(Attachment 7.24). 

It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 
in Schoolhouse Brook was possible from exposure to sediment pore water.  The presence of 
relatively high concentrations of Tl was likely to cause impairment. 

• The EBOR 

Site RME and CTE chronic HQs were exceeded by Be, Mn, and Hg (Attachment 7.25). 

Reference RME and CTE chronic HQs were exceeded by the same three COPECs (Attachment 
7.26). 

The RME and CTE chronic IRs were not exceeded by any of the COPECs (Attachment 7.27). 

It was concluded, with a high level of confidence, that risk to the benthic invertebrate community 
in the EBOR was unlikely in response to exposure to sediment pore water.   

Risk conclusion for measurement endpoint 1.B 

Measurement endpoint 1.B identified Cu and Mn in sediment pore water as likely stressors to the 
benthic invertebrate community in the main stem of Ely Brook.  Tl in sediment pore water was identified 
as a likely stressor to the benthic invertebrate community in Schoolhouse Brook.  Several additional small 
exceedances of RME effect IRs were also observed in both streams, but were unlikely to cause severe 
impairment by themselves.  No risk to the benthic invertebrate community was identified in the EBOR 
based on benchmark exceedances.  The WOE for this measurement endpoint was “low”. 
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7.2.3 Measurement endpoint 1.C 

Estimate the bioavailability of divalent metals in sediment based on SEM/AVS  

SEM and AVS measurements were obtained from the main stem of Ely Brook, Schoolhouse 
Brook, and the EBOR between 2000 and 2006 (note: samples for SEM and AVS analyses were not 
collected from any of the reference locations).  Toxicity to benthic invertebrates from exposure to divalent 
metals is not expected when AVS exceeds SEM (i.e., SEM/AVS < 1.0, meaning that all of the available 
SEM in the sediment is bound up by the AVS). Toxicity to benthic invertebrates is possible when SEM 
exceeds AVS (i.e., SEM/AVS > 1.0, meaning that not enough AVS is present to bind all of the available 
SEM in the sediment) (EPA, 2006).  TOC is another binding phase which should be considered when 
quantifying metals bioavailability in sediment (EPA, 2006).  Only one of the SEM and AVS samples 
collected from the waterways was analyzed for TOC.  Hence, TOC was not considered further. 

Attachment 7.28 summarizes the SEM and AVS data. Two general observations follow: 

-	 Little or no AVS was present in any of the sediment samples.  This pattern was not 
surprising given the coarse nature of the sediment, and the high energy, high oxygen, 
and low organic carbon environment found in the waterways.  Such physical and 
chemical conditions do not favor the anoxia needed to generate large amounts of AVS.  

-	 Cu predominated as the major SEM metal in sediment from the main stem of Ely Brook 
and in Schoolhouse Brook.  Zn became a second major SEM metal in sediment from the 
EBOR due to the lower concentrations of Cu.  

• The ponds 

Sediment samples were not collected from the ponds on the east branch of Ely Brook for SEM 
and AVS analyses. 

• Main stem of Ely Brook 

Nine sediment samples were collected from the main stem of Ely Brook for SEM and AVS 
analyses. All nine samples showed SEM/AVS ratios > 1.0, indicating the presence of 
bioavailable divalent metals (Attachment 7.28). 

• Schoolhouse Brook 

Ten sediment samples were collected from Schoolhouse brook for SEM and AVS analyses.  All 
ten samples showed SEM/AVS ratios > 1.0, indicating the presence of bioavailable divalent 
metals (Attachment 7.28). 

• The EBOR 

Five sediment samples were collected from the EBOR for SEM and AVS analyses.  All five 
samples showed SEM/AVS ratios > 1.0, indicating the presence of bioavailable divalent metals 
(Attachment 7.28). In general, however, the SEM/AVS ratios were greatly reduced in the EBOR 
as compared to the two upstream waterways. 

Risk conclusion for measurement endpoint 1.C 

Measurement endpoint 1.C indicated that Cu (and to a lesser degree Zn) was bioavailable in 
most of the sediment samples collected from the main stem of Ely Brook, Schoolhouse Brook, and the 
EBOR. The SEM/AVS ratios were high in the main stem of Ely Brook and Schoolhouse Brook, but 
noticeably lower in the EBOR.  The potential for impact to the benthic invertebrate community was 
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present in all three waterways due to the bioavailability of divalent metals in the substrate.  The WOE for 
this measurement endpoint was “low”. 

7.2.4 Measurement endpoint 1.D 

Measure survival in H. azteca and C. tentans exposed for 96 hours in the laboratory to sediment 
pore water samples. 

• The ponds 

Sediment pore water samples were not collected from the ponds on the east branch of Ely Brook 
for toxicity testing. 

• Main stem of Ely Brook 

The three pore water samples collected in August 2006 from substrate in the main stem of Ely 
Brook were acutely toxic to the amphipod H. azteca, but not to the chironomid fly larvae C. 
tentans. The risk evaluation focused on the amphipod since it was the most sensitive of the two 
test species.  The presence of acute toxicity in all three pore water samples showed that 
conditions in the substrate of the main stem of Ely Brook were unsuitable for sensitive benthic 
invertebrates under short-term (96 hr) exposures at the time of pore water sampling.      

• Schoolhouse Brook 

The three pore water samples collected from Schoolhouse brook below the confluence with Ely 
Brook in August 2006 were not acutely toxic to either H. azteca or C. tentans. This evidence 
showed that conditions in the substrate were suitable for sensitive benthic invertebrates under 
short-term (96 hr) exposures at the time of pore water sampling.     

• The EBOR 

The one pore water sample collected from the EBOR below the confluence with Schoolhouse 
brook in August 2006 was not acutely toxic to either H. azteca or C. tentans. This evidence 
showed that conditions in the substrate were suitable for intolerant benthic invertebrates under 
short-term (96 hr) exposures at the time of pore water sampling.     

Risk conclusion for measurement endpoint 1.D 

Measurement endpoint 1.D indicated the presence of significant ecological risk to the benthic 
invertebrate community from exposure to sediment pore water collected from the main stem of Ely Brook, 
but not from Schoolhouse Brook or the EBOR.  The WOE for this measurement endpoint was “medium”.   

7.2.5 Measurement endpoint 1.E 

Measure survival and growth in the benthic invertebrate species  H. azteca and C. tentans 
exposed in the laboratory for 28 days and 10 days, respectively, to bulk sediment samples 

• The ponds 

Bulk sediment samples were not collected from the ponds on the east branch of Ely Brook for 
sediment toxicity testing 

7-9
 



                                                           
                                                                                                             

                                                                                                                                                                  
 

 

 
 

 

 
  

 

 
  

 

 
 

 
 

 

  

 
  

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 

Final Baseline Ecological Risk Assessment                              U.S EPA – New England Region 
Ely Copper Mine Superfund Site   Revision 2.0 
Vershire, VT June 2010 

• Ely Brook 

Both test species showed toxicity when exposed to two of the three sediment samples collected 
from the main stem of Ely Brook.  The non-toxic sample had the highest Cu concentrations in the 
bulk sediment and the pore water phase.  It appears that the high pH and relatively hard renewal 
water used in the toxicity test may have precipitated out the Cu, thereby making it non 
bioavailable.  

• Schoolhouse Brook 

Both test species showed toxicity when exposed to the three sediment samples (plus the 
duplicate) collected from AMD-impacted reach of Schoolhouse Brook. 

• The EBOR 

Neither test species showed toxicity when exposed to the sediment sample collected less than 
0.5 miles downstream of the confluence of Schoolhouse Brook with the EBOR. 

Risk conclusion for measurement endpoint 1.E 

Measurement endpoint 1.E indicated the presence of significant ecological risk to the benthic 
invertebrate community from exposure to bulk sediment collected from the main stem of Ely Brook and 
the AMD-impacted reach of Schoolhouse Brook, but not from the EBOR.  The WOE for this measurement 
endpoint was “medium-high”. 

7.2.6 Measurement endpoint 1.F 

Evaluate the structure and function of the benthic invertebrate community in the field 

• The ponds 

The structure and function of the benthic invertebrate community was not quantitatively evaluated 
in the ponds on the east branch of Ely Brook 

• Ely Brook 

Surveys in the main stem of Ely Brook showed that the benthic invertebrate community was 
severely impaired in the entire section of the stream affected by AMD.  Conditions did not improve 
appreciably between 1987 and 2006.  The upstream reference location in Ely Brook supported a healthy 
benthic community.  

• Schoolhouse Brook 

Surveys in Schoolhouse Brook showed that the benthic invertebrate community was severely 
impaired in the entire section between the confluence of Ely Brook and the EBOR.  Conditions did not 
improve appreciably between 1987 and 2006.  The upstream reference locations in Schoolhouse Brook 
supported a healthy benthic community.  

• The EBOR 

Surveys in the EBOR showed that the benthic invertebrate community was not impaired in the 
section below the confluence with Schoolhouse Brook.  Conditions stayed stable between 2005 and 
2006. The upstream reference locations in Schoolhouse Brook also supported a healthy benthic 
community.  
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Risk conclusion for measurement endpoint 1.F 

The evidence indicated that significant ecological risk to the benthic invertebrate community was 
present in the main stem of Ely Brook and in Schoolhouse Brook, but not in the EBOR.  The WOE for this 
measurement endpoint is “high”.  The level of confidence in this conclusion was also high because it was 
based on sampling the benthic community in the field over time under standard conditions plus analyzing 
and interpreting the results using recognized protocols.  

7.2.7 WOE integration for assessment endpoint 1 

Attachment 7.29 summarizes the WOE integration for the six measurement endpoints evaluated 
under assessment endpoint 1.  The preponderance of the evidence strongly indicated that the benthic 
community in ponds 4 and 5, the main steam of Ely Brook and the entire reach of Schoolhouse Brook 
between the confluence of Ely Brook down to the EBOR was severely affected by AMD from the Site.  
The evidence also showed that the benthic community in the EBOR below the confluence with 
Schoolhouse Brook was healthy.   

7.3 ASSESSMENT ENDPOINT 2: WATER COLUMN INVERTEBRATES 

A stable and healthy water column invertebrate community: Are the levels of COPECs in surface 
water sufficiently high to cause biologically-significant changes or impair the function of the water column 
invertebrate community in the ponds at the Site? 

The potential for ecological risk to the water column invertebrate community associated with the 
four on-Site ponds was assessed using two measurement endpoints. 

7.3.1 Measurement endpoint 2.A 

Compare the dissolved COPEC levels in surface water samples to acute and chronic surface 
water benchmarks. 

• The ponds 

Pond 2: 

Site RME and CTE chronic HQs were exceeded by Be, Cu, Mn, Ag, and Zn (Attachment 7.30). 

Reference RME and CTE chronic HQs were exceeded by Be, Cd, Cr, Cu, Pb, Se, Ag, and Zn 
(Attachment 7.31). 

The RME and CTE chronic IRs exceeded 1.0 or Cu (RME IR = 4.1 and CTE IR < 1.0) and Mn 
(RME IR = 12 and CTE IR = 4.4) (Attachment 7.32). 

It was concluded, with a high level of confidence that risk to the water column invertebrate 
community was possible in pond 2.  However, the CTE chronic IR exceedance for dissolved Mn 
was small and would be unlikely to cause severe impairment. 

Pond 3: 

Site RME and CTE chronic HQs were exceeded by Be, Cd, Cr, Mn, and Ag (Attachment 7.33). 

Reference RME and CTE chronic HQs were exceeded by Be, Cd, Cr, Cu, Pb, Se, Ag, and Zn  
(Attachment 7.31). 
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The RME and CTE chronic IRs exceeded 1.0 only for Cr (RME IR = 1.3 and CTE IR < 1.0) and 
Mn (RME IR = 3.6 and CTE IR = 3.6) (Attachment 7.34). 

It was concluded, with a high level of confidence, that risk to the water column invertebrate 
community was possible in pond 3.  However, the CTE chronic IR exceedance for dissolved Mn 
was small and would be unlikely to cause severe impairment. 

Pond 4: 

Site RME and CTE chronic HQs were exceeded by Be, Cu, Mn, Se, Ag, and Zn (Attachment 
7.35). 

Reference RME and CTE chronic HQs were exceeded by Be, Cd, Cr, Cu, Pb, Se, Ag, and Zn  
(Attachment 7.31). 

The RME and CTE chronic IRs exceeded 1.0 for Cu (RME IR = 6.6 and CTE IR < 1.0) and Mn 
(RME IR = 1.7 and CTE IR <1.0) (Attachment 7.36). 

It was concluded, with a moderate level of confidence, that risk to the water column invertebrate 
community was possible in pond 4.  However, neither dissolved Cu nor dissolved Mn exceeded 
their CTE chronic IRs, suggesting that these two COPECs were unlikely to cause severe 
impairment. 

Pond 5: 

Site RME and CTE chronic HQs were exceeded by Be, Cd, Cr, Cu, Pb, Mn, Se, Ag, and Zn 
(Attachment 7.37). 

Reference RME and CTE chronic HQs were exceeded by Be, Cd, Cr, Cu, Pb, Se, Ag, and Zn 
(Attachment 7.31). 

The RME and CTE chronic IRs exceeded 1.0 for Cr (RME IR = 3.2 and CTE IR < 1.0), Cu (RME 
IR = 74 and CTE IR = 45), Pb (RME IR = 29 and CTE IR < 1.0), Mn (RME IR = 3.5 and CTE IR = 
1.5), and Zn (RME IR = 1.5 and CTE IR = 1.9) (Attachment 7.38). 

It was concluded, with a high level of confidence that risk to the water column invertebrate 
community was possible in pond 5.  The high levels of dissolved Cu were likely to cause severe 
impairment.  

Risk conclusion for measurement endpoint 2.A 

Measurement endpoint 2.A identified dissolved Cu as a likely stressor to the water column 
invertebrate community in pond 5.  One or two small exceedances of RME and IR CTE chronic IRs were 
also present in ponds 2, 3 and 4, but appeared unlikely to cause severe impairment by themselves.  The 
WOE for this measurement endpoint was “low”. 

7.3.2 Measurement endpoint 2.B 

Measure survival and reproduction in the water flea, C. dubia, exposed for seven days in the 
laboratory to surface water samples. 

• The ponds 
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The C. dubia test performed on surface water samples collected from ponds 4 and 5 failed to 
meet the minimum test acceptability criteria.  No toxicity data were available for evaluation in the 
BERA. 

7.3.3 WOE integration for assessment endpoint 2 

Attachment 7.39 summarizes the WOE integration for the one measurement endpoint evaluated 
under assessment endpoint 2.  The available evidence strongly indicated that the surface water in pond 5 
was severely impaired by dissolved Cu.  The surface waters in ponds 2 and 3 also showed the potential 
for impairment but at a much less severe level.  The surface water in pond 4 was unlikely to have severe 
effects on the water column invertebrate community.  

7.4 ASSESSMENT ENDPOINT 3: FISH 

A stable and healthy fish community: Are the levels of COPECs in surface water sufficiently high to 
cause biologically-significant changes or impair the function of the fish community at the on-Site ponds 
and in the three streams affected by the Site? 

Four measurement endpoints were used to assess the potential impacts of COPECs to this receptor 
group: 

7.4.1 Measurement endpoint 3.A 

Compare the dissolved COPEC levels in surface water samples to acute and chronic surface 
water benchmarks. 

• The ponds 

The potential for ecological risk to fish in the four ponds on the east branch of Ely Brook was not 
assessed because no fish were observed in these ponds, including pond 1 (the on-Site reference 
pond). 

• Main stem of Ely Brook 

The potential for ecological risk to fish was assessed, even though the main stem of Ely Brook is 
unable to support fish under current conditions.  

Site RME and CTE chronic HQs were exceeded by Al, Cd, Co, Cu, Fe, Mn, Ag, and Zn 
(Attachment 7.40). 

Reference RME and CTE chronic HQs were exceeded by Cd, Cu, Mn, and Ag (Attachment 
7.41). 

The RME and CTE chronic IRs exceeded 1.0 for Al (RME IR = 213 and CTE IR = 68), Co (RME 
IR = 14 and CTE IR = 4.0), Cu (RME IR = 611 and CTE IR = 281), Fe (RME IR = 40 and CTE IR 
= 10), Mn (RME IR = 7.5 and CTE IR = 4.5), Ag (RME IR = 1.4 and CTE IR <1.0), and Zn (RME 
IR = 4.3 and CTE IR = 3.7)  (Attachment 7.42). 

It was concluded, with a high level of confidence, that risk to the fish community was possible in 
the main stem of Ely Brook.  The high levels of dissolved Al, Cu, and Fe in particular were likely 
to cause severe impairment to the local fish community. 

• Schoolhouse Brook 

Site RME and CTE chronic HQs were exceeded by Al, Cd, and Cu (Attachment 7.43). 
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Reference RME and CTE chronic HQs were exceeded by Cd (Attachment 7.44). 

The RME and CTE chronic IRs exceeded 1.0 only for Cu (RME IR = 12 and CTE IR = 7.8) 
(Attachment 7.45). 

It was concluded, with a high level of confidence, that risk to the fish community was possible in 
Schoolhouse Brook.  The high levels of dissolved Cu were likely to cause severe impairment to 
the local fish community.  

• The EBOR 

Site RME and CTE chronic HQs were exceeded by Ba, Cu, Pb, Ag, and Zn (Attachment 7.46). 

Reference RME and CTE chronic HQs were exceeded by Pb and Ag (Attachment 7.47). 

The RME and CTE chronic IRs exceeded 1.0 for Cu (RME IR = 3.1 and CTE IR = 1.1), Pb (RME 
IR = 1.4 and CTE IR < 1.0), Ag (RME IR = 1.1 and CTE IR = 8.0), and Zn (RME IR = 39 and CTE 
IR= 6.5)  (Attachment 7.48). 

It was concluded, with a high level of confidence, that risk to the fish community was possible in 
the EBOR. The high levels of dissolved Ag and Zn were likely to cause severe impairment to the 
local fish community.  

Risk conclusion for measurement endpoint 3.A 

Measurement endpoint 3.A identified dissolved Cu as the most likely stressor to fish in the main 
stem of Ely Brook and Schoolhouse Brook.  Dissolved Ag and dissolved Zn were risk drivers in the 
EBOR. All three EUs appeared likely to be impaired based on an evaluation of surface water chemistry.  
The WOE for this measurement endpoint was “low”. 

7.4.2 Measurement endpoint 3.B 

Survival and growth in juvenile fathead minnows (P. promelas).  

• The ponds 

The potential for risk to fish was not assessed because these receptors are absent from the 
ponds (note: fathead minnow neonates were exposed to surface water samples collected from 
ponds 4 and 5.  However, the organisms were used as surrogates for the embryo-larval life 
stages of amphibians.  The results of these exposures are evaluated in Section 7.5).   

• Ely Brook 

Fathead minnow neonates were exposed in the laboratory to surface water collected from one 
location on the main stem of Ely Brook.  None of the fish survived the seven-day exposure, 
indicating that surface water from the main stem of Ely Brook was highly toxic to juvenile fish.    

• Schoolhouse Brook 

Fathead minnow neonates were exposed in the laboratory to surface water collected from four 
locations on Schoolhouse Brook.  These locations were just downstream of the confluence of Ely 
Brook with Schoolhouse Brook, adjacent to the lower end of the slag piles, about midway 
between Ely Brook and the EBOR, and just upstream of the confluence between Schoolhouse 
Brook and the EBOR.  Fish survival after seven days of exposure was significantly reduced at all 
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four locations, indicating that surface water along the entire reach of Schoolhouse Brook between 
Ely Brook and the EBOR (about 2.2 miles) was toxic to juvenile fish.    

• The EBOR 

No Surface water samples were collected from the EBOR for toxicity testing using fathead 
minnows.  

Risk conclusion for measurement endpoint 3.B 

Measurement endpoint 3.B identified severe ecological risk to fish in the main stem of Ely Brook 
and in Schoolhouse Brook based on surface water toxicity testing in the laboratory.  The surface water 
flowing through these two affected habitats cannot support a healthy fish community under current 
conditions.  No conclusions can be made for the EBOR since the toxicity of its surface water to fish was 
not tested. The WOE for this measurement endpoint was “medium” 

7.4.3 Measurement endpoint 3.C 

Compare COPEC levels measured in whole fish to no effect and effect CBRs 

• The ponds 

The potential for risk to fish was not evaluated using this measurement endpoint because the 
ponds do not support fish. 

• Main stem of Ely Brook 

The potential for risk to fish was not evaluated using this measurement endpoint because the 
main stem of Ely Brook does not support fish. 

• Schoolhouse Brook 

- Brook trout 

Site RME and CTE effect HQs were exceeded only by Cu (Attachment 7.49). 

None of the reference RME and CTE effect HQs were exceeded in the non-impacted section 
(Attachment 7.50). 

The RME and CTE effect IRs were exceeded only by Cu (RME IR = 2.6 and CTE IR = 2.5) 
(Attachment 7.51). 

- Blacknose dace 

Site RME and CTE effect HQs were exceeded only by Cu (Attachment 7.52). 

The reference RME and CTE effect HQs were exceeded only by Al in the non-impacted section 
(Attachment 7.53). 

The RME and CTE effect IRs were exceeded only by Cu (RME IR = 2.0 and CTE IR = 1.3) 
(Attachment 7.54). 
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• The EBOR 

- Brook trout 

None of the site RME and CTE effect HQs were exceeded in the EBOR (Attachment 7.55) and 
all of the RME and CTE effect IRs fell below 1.0 (Attachment 7.56) (note: no brook trout were 
collected from the upstream reference location on the EBOR). 

- Blacknose dace 

Site RME and CTE effect HQs were exceeded only by Al and Cu (Attachment 7.57). 

None of the reference RME and CTE effect HQs or the RME and CTE effect IRs exceeded 1.0 
(Attachments 7.58 and 7.59). 

Risk conclusion for measurement endpoint 3.C 

Measurement endpoint 3.C identified the potential for ecological risk to fish in Schoolhouse 
Brook, but not in the EBOR, based on comparing tissue residue levels to conservative fish CBRs.  The 
Cu levels were relatively low in the fish collected from Schoolhouse Brook.  It is possible, however, that 
fish with substantially higher tissue burdens of Cu died out and were eliminated from the population.  The 
WOE for this endpoint was “medium”.   

7.4.4 Measurement endpoint 3.D 

Evaluate the structure and function of the fish community 

• The ponds 

The potential for risk to fish was not evaluated using this measurement endpoint because none of 
the ponds (including the reference pond) supported fish. 

• Main stem of Ely Brook 

The potential for risk to fish could not be evaluated using this measurement endpoint because 
fish were absent from the main stem of Ely Brook.  The lack of fish was seen as indicative of 
exposure to AMD. 

• Schoolhouse Brook 

Field surveys in Schoolhouse Brook showed that the fish community was severely impaired in the 
entire section of Schoolhouse brook between the confluence of Ely Brook and the EBOR.  The 
reference sites located immediately upstream of the confluence of Ely Brook supported a healthy 
fish community, indicating that the observed impairment further downstream was a direct result of 
exposure to AMD. 

• The EBOR 

Field surveys in the EBOR showed that the fish community was not likely affected by AMD.  The 
sampling station on the EBOR immediately below the confluence with Schoolhouse Brook 
supported a healthy fish community, even though the community was rated as “poor” at two of the 
three locations further downstream.  The fish community at one of those two locations went from 
“poor” to “good” between 2006 and 2007.  This unexpected improvement seems to have resulted 
from an unknown sampling bias.  Overall, the data did not suggest that the fish community in the 
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EBOR was systematically impaired by AMD, even though the evidence was not as conclusive as 
it could have been.     

Risk conclusion for measurement endpoint 3.D 

Measurement endpoint 3.D indicated severe ecological risk to fish in the main stem of Ely Brook 
(devoid of fish) and Schoolhouse brook (severe impairment) based on fish community surveys.  The 
preponderance of the evidence collected from the EBOR indicated that the fish community was unlikely to 
be affected by AMD.  The WOE for this measurement endpoint was “high”. 

7.4.5 WOE integration for assessment endpoint 3 

Attachment 7.60 summarizes the WOE integration for the four measurement endpoints 
evaluated under assessment endpoint 3.  The preponderance of the evidence strongly indicated that the 
fish community in two of the three streams was severely affected by AMD.  The main stem of Ely Brook 
was impaired as indicated by a lack of fish and CTE chronic IRs for Cu well above 100.  The entire reach 
of Schoolhouse Brook between the confluence of Ely Brook down to the EBOR was also impaired as 
indicated by high CTE chronic IRs for several surface water COPECs and a severely depleted fish 
community.  The fish community in the EBOR appears to be unaffected by AMD.    

7.5 ASSESSMENT ENDPOINT 4: AMPHIBIANS 

Stable and healthy amphibian populations: Are the levels of COPECs in surface water sufficiently high 
to cause biologically-significant changes or impair the function of the amphibian populations in the on-site 
ponds? 

The potential for ecological risk to the amphibian populations associated with the on-Site ponds 
was assessed using three measurement endpoints. 

7.5.1 Measurement endpoint 4.A 

Compare the dissolved COPEC levels in surface water samples to acute and chronic surface 
water benchmarks 

Note: the evaluation of risk to amphibians under Measurement Endpoint 4.A is identical to the risk 
evaluation performed for the water column invertebrate community in the ponds under measurement 
endpoint 2.A (see Section 7.3.1).   

Pond 2: 

It was concluded, with a high level of confidence that risk to the juvenile stages of amphibians 
was possible in pond 2.  However, the exceedance for dissolved Mn (CTE chronic IR = 4.3) was 
relatively small and would be unlikely to cause severe impairment to the local amphibian 
populations. 

Pond 3: 

It was concluded, with a high level of confidence that risk to the juvenile stages of amphibians 
was possible in pond 3.  However, the exceedance for dissolved Mn (CTE chronic IR = 3.6) was 
relatively small and would be unlikely to cause severe impairment to the local amphibian 
populations. 
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Pond 4: 

It was concluded, with a moderate level of confidence that risk to the juvenile stages of 
amphibians was possible in pond 4.  However, neither dissolved Cu nor dissolved Mn had a CTE 
chronic IR above 1.0, suggesting that those two COPECs were unlikely to cause severe 
impairment to the local amphibian populations. 

Pond 5: 

It was concluded, with a high level of confidence that risk to the juvenile stages of amphibians 
was possible in pond 5.  The high levels of dissolved Cu (CTE chronic IR = 45) were likely to 
cause severe impairment to the local amphibian populations.  

Risk conclusion for measurement endpoint 4.A 

Measurement endpoint 4.A identified dissolved Cu as a likely stressor to the early life stages of 
amphibians in pond 5.  One or two small exceedances of RME and CTE chronic IRs were also present in 
ponds 2, 3 and 4, but appeared unlikely to cause severe impairment by themselves.  The WOE for this 
measurement endpoint was “low”. 

7.5.2 Measurement endpoint 4.B 

Survival and growth in juvenile fathead minnows (P. promelas). 

• The ponds 

Fathead minnow neonates (used as surrogates for amphibian embryo-larval stages) were 
exposed in the laboratory to surface water samples collected from one location in pond 4 and one 
location in pond 5.  Only 20% of the neonates survived in the sample from pond 4, and none 
survived in the sample from pond 5 after seven days of exposure.  These data indicated that the 
surface water from the two ponds was highly toxic to the embryo-larval stages of amphibians. 

Risk conclusion for measurement endpoint 4.B 

Severe ecological risk to the early life stages of amphibians was identified in ponds 4 and 5 
based on the presence of toxicity in a surrogate species exposed to surface water samples in the 
laboratory. The WOE for this endpoint is “medium” 

7.5.3 Measurement endpoint 4.C 

Evaluate hatching and survival of wood frog eggs and tadpoles exposed to the ponds in the field  

• The ponds 

In-situ field test using fertilized wood frog eggs and week-old wood frog tadpoles enclosed in 
floating cages indicated that the surface water flowing through pond 4 was chronically toxic to 
week-old tadpoles, whereas the surface water flowing through pond 5 was acutely toxic to newly 
hatched tadpoles.  These data indicated that the surface water from the two ponds was highly 
toxic to the embryo-larval stages of amphibians and was unsuitable for amphibian breeding.    

Risk conclusion for measurement endpoint 4.C 

Severe ecological risk to the early life stages of amphibians was identified in ponds 4 and 5 
based on exposures of fertilized eggs and tadpoles in the field.  The WOE for this endpoint is “medium
high”. 
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7.5.4 WOE integration for assessment endpoint 4 

Attachment 7.61 summarizes the WOE integration for the three measurement endpoints 
evaluated under assessment endpoint 4.  The preponderance of the evidence strongly indicated that the 
surface water flowing through ponds 4 and 5 was severely affected by AMD released from the Site.  
These two ponds were unable to provide suitable amphibian breeding habitat under existing conditions.  

7.6 ASSESSMENT ENDPOINT 5: INSECTIVOSOUS BIRDS 

Stable and healthy insectivorous bird populations: Are the COPEC levels in surface water and biota 
sufficiently high to cause biologically-significant changes or impair the function of insectivorous bird 
populations foraging in the vicinity of Schoolhouse Brook and the EBOR? 

One measurement endpoint was used to assess the potential impacts of COPECs ingested by 
this receptor group: 

7.6.1 Measurement endpoint 5.A 

Use sediment analytical data to estimate the body residues of COPECs in winged aquatic insects; 
use food chain modeling to calculate the mean and maximum daily doses to tree swallows from 
ingesting surface water and winged aquatic insects, and compare these values to TRVs. 

•	 The ponds on the east branch of Ely Brook 

Risk to insectivorous birds was not evaluated for the four ponds because their surface areas were 
too small to be considered reasonable EUs for this receptor group. 

•	 The main stem of Ely Brook 

Risk to insectivorous birds was not evaluated because aquatic insects were absent from the main 
stem of Ely Brook.  Also, other lines of evidence showed that this habitat was severely degraded.  

•	 Schoolhouse Brook 

Site RME and CTE effect HQs were exceeded by Co, Cu, Se, and V (Attachment 7.62). 

Reference RME and CTE effect HQs were not exceeded by any of the COPECs (Attachment 
7.63). 

The RME and CTE effect IRs exceeded 1.0 for  Co (RME IR = 3.6 and CTE IR = 1.1), Cu (RME 
IR = 11 and CTE IR = 6.4), and Se (RME IR = 3.9 and CTE IR < 2.5) (Attachment 7.64). 

It was concluded, with a high level of confidence, that risk was possible to insectivorous birds 
feeding at Schoolhouse Brook.  Cu was identified as the main risk driver for this receptor group, 
although the exceedances were relatively small. 

•	 The EBOR 

Site RME and CTE effect HQs were exceeded by Co, Cu, Se, and V (Attachment 7.65). 

Reference RME and CTE effect HQs were exceeded by Se and V (Attachment 7.66). 

The RME and CTE effect IRs exceeded 1.0 for Co (RME IR = 5.0 and CTE IR < 1.0) and Cu 
(RME IR = 2.6 and CTE IR = 1.6) (Attachment 7.67). 
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It was concluded, with a high level of confidence, that risk was possible to insectivorous birds 
feeding at the EBOR.  However, Cu had a CTE effect IR of 1.6, suggesting that this COPEC was 
unlikely to cause severe long-term impairment to this receptor group. 

Risk conclusion for measurement endpoint 5.A 

Measurement endpoint 5.A identified Cu as a potential stressor to insectivorous birds feeding at 
Schoolhouse Brook, but not at the EBOR.  The WOE for this measurement endpoint was “medium-low”. 

7.6.2 WOE integration for assessment endpoint 5 

Attachment 7.68 summarizes the WOE integration for the single measurement endpoint 
evaluated under assessment endpoint 5.A.  The preponderance of the evidence strongly indicated that 
insectivorous birds feeding at Schoolhouse Brook have a potential for ecological risk, mainly from 
exposure to Cu.  However, the risk is not expected to be severe due to the relatively low CTE effect IR 
exceedance of Cu.  The potential for ecological risk to insectivorous birds feeding at the EBOR is present 
but is considered minimal.    

7.7 ASSESSMENT ENDPOINT 6: INSECTIVOROUS MAMMALS 

Stable and healthy insectivorous mammal populations: Are the COPEC levels in surface water and 
biota sufficiently high to cause biologically-significant changes or impair the function of insectivorous 
mammal populations foraging along Schoolhouse Brook and the EBOR? 

One measurement endpoint was used to assess the potential impacts of COPECs ingested by 
this receptor group: 

7.7.1 Measurement endpoint 6.A 

Use sediment analytical data to estimate the body residues of COPECs in winged aquatic insects; 
use food chain modeling to calculate the mean and maximum daily doses to eastern small-footed 
bats from ingesting surface water and winged aquatic insects, and compare these values to TRVs 
• The ponds on the east branch of Ely Brook 

Risk to insectivorous mammals was not evaluated for the ponds because the total surface area of 
the four ponds was too small to be considered a reasonable EU for this receptor group. 

• The main stem of Ely Brook 

Risk to insectivorous birds was not evaluated because aquatic insects were absent from the main 
stem of Ely Brook.  Also, other lines of evidence showed that this habitat was severely degraded.  

• Schoolhouse Brook 

Site RME and CTE effect HQs were exceeded by Co, Cu, Mn, Se, and V (Attachment 7.69). 

Reference RME and CTE effect HQs were exceeded by Cu, Tl, and V (Attachment 7.70). 

The RME and CTE effect IRs exceeded 1.0 for Co (RME IR = 1.8 and CTE IR < 1.0), Cu (RME IR 
= 40 and CTE IR = 24), and Se (RME IR = 1.4 and CTE IR < 1.0) (Attachment 7.71). 

It was concluded, with a high level of confidence, that risk was possible to insectivorous 
mammals feeding at Schoolhouse Brook.  Cu was identified as the main risk driver for this 
receptor group. 
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•	 The EBOR 

Site RME and CTE effect HQs were exceeded by Co, Cu, Tl, and V (Attachment 7.72). 

Reference RME and CTE effect HQs were exceeded by Se, Tl, and V (Attachment 7.73). 

The RME and CTE effect IRs exceeded 1.0 for Co (RME IR = 2.5 and CTE IR < 1.0), Cu (RME IR 
= 10 and CTE IR = 5.9), and V (RME IR = 2.2 and CTE IR < 1.0) (Attachment 7.74). 

It was concluded, with a high level of confidence, that risk was possible to insectivorous 
mammals feeding at the EBOR.  Cu was identified as the main risk driver for this receptor group. 

Risk conclusion for measurement endpoint 6.A 

Measurement endpoint 6.A identified Cu as a potential stressor to insectivorous mammals 
feeding at Schoolhouse Brook and the EBOR.  The potential for ecological risk was substantially higher at 
Schoolhouse Brook than at the EBOR.  The WOE for this measurement endpoint was “medium-low”. 

7.7.2 WOE integration for assessment endpoint 6 

Attachment 7.75 summarizes the WOE integration for the single measurement endpoint 
evaluated under assessment endpoint 6.  The preponderance of the evidence strongly indicated that 
insectivorous mammals feeding at Schoolhouse Brook and the EBOR have a potential for ecological risk 
from exposure to Cu.  The risk is expected to be substantially higher at Schoolhouse Brook. 

7.8 ASSESSMENT ENDPOINT 7: PISCIVOROUS BIRDS 

Stable and healthy piscivorous bird populations: Are the COPEC levels in surface water and biota 
sufficiently high to impair piscivorous bird populations foraging in Schoolhouse Brook and the EBOR? 

One measurement endpoint was used to assess the potential impacts of COPECs ingested by 
this receptor group: 

7.8.1 Measurement endpoint 7.A 

Use food chain modeling to calculate the mean and maximum daily doses to belted kingfishers 
from ingesting surface water and fish, and compare these values to TRVs 

•	 The ponds on the east branch of Ely Brook 

Risk to piscivorous birds was not evaluated for the ponds because the total surface area of the 
four ponds was too small to be considered a reasonable EU for this receptor group. 

•	 The main stem of Ely Brook 

Risk to piscivorous birds was not evaluated for the main stem of Ely Brook because fish cannot 
live in this section of the brook under current conditions.  Hence, fish-eating birds were not 
expected to forage in that EU.  Also, other lines of evidence showed that this habitat was severely 
degraded. 

•	 Schoolhouse Brook 

No COPECs exceeded the site RME and CTE effect HQs (Attachment 7.76) or the reference 
RME and CTE effect HQs (Attachment 7.77). Hence, the RME and CTE effect IRs were also 
below 1.0 for all COPECs (Attachment 7.78). 
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It was concluded, with a high level of confidence, that risk was not present to the belted kingfisher 
feeding on fish captured from this aquatic habitat.  

• The EBOR 

No COPECs exceeded the site RME and CTE effect HQs (Attachment 7.79). Reference RME 
and CTE effect HQs were exceeded only by Se (Attachment 7.80). The RME and CTE effect 
IRs were` below 1.0 for all COPECs (Attachment 7.81). 

It was concluded, with a high level of confidence, that risk was not present to the piscivorous 
birds feeding at the EBOR. 

Risk conclusion for measurement endpoint 7.A 

Measurement endpoint 7.A did not identify ecological risk to piscivorous birds feeding at 
Schoolhouse Brook and the EBOR.  

7.8.2 WOE integration for assessment endpoint 7 

Attachment 7.82 summarizes the WOE integration for the single measurement endpoint 
evaluated under assessment endpoint 7.  The preponderance of the evidence strongly indicated that 
piscivorous birds feeding at Schoolhouse Brook and the EBOR will not experience ecological risk from 
exposure to Site COPECs. 

7.9 ASSESSMENT ENDPOINT 8 : PISCIVOROUS MAMMALS 

Stable and healthy piscivorous mammal populations: Are the COPEC levels in surface water and 
biota sufficiently high to impair piscivorous mammals populations foraging in Schoolhouse Brook and the 
EBOR? 

One measurement endpoint was used to assess the potential impacts of COPECs ingested by 
this receptor group: 

7.9.1 Measurement endpoint 8.A 

Use food chain modeling to calculate the mean and maximum daily doses to mink from ingesting 
surface water and fish, and compare these values to TRVs 

• The ponds on the east branch of Ely Brook 

Risk to piscivorous mammals was not evaluated for the ponds because the total surface area of 
the four ponds was too small to be considered a reasonable EU for this receptor group. 

• The main stem of Ely Brook 

Risk to piscivorous mammals was not evaluated for the main stem of Ely Brook because current 
conditions are such that fish cannot live in the brook.  Hence, fish-eating birds were not expected 
to forage in that EU.  Also, other lines of evidence showed that this habitat was severely 
degraded. 

• Schoolhouse Brook 

No COPECs exceeded the site RME and CTE effect HQs (Attachment 7.83) or the reference 

RME and CTE effect HQs (Attachment 7.84). Hence, the RME and CTE effect IRs were also 
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below 1.0 for all COPECs (Attachment 7.85). It was concluded, with a high level of confidence, 
that risk was not present to the mink feeding on fish captured from Schoolhouse Brook.  

• The EBOR 

No COPECs exceeded the site RME and CTE effect HQs (Attachment 7.86) or the reference 
RME and CTE effect HQs (Attachment 7.87). Hence, the RME and CTE effect IRs were also 
below 1.0 for all COPECs  (Attachment 7.88). It was concluded, with a high level of confidence, 
that risk was not present to the mink feeding on fish captured from the EBOR.  

Risk conclusion for measurement endpoint 8.A 

Measurement endpoint 8.A did not identify ecological risk to piscivorous mammals feeding at 
Schoolhouse Brook and the EBOR.  

7.9.2 WOE integration for assessment endpoint 8

 Attachment 7.89 summarizes the WOE integration for the single measurement endpoint 
evaluated under assessment endpoint 8.  The preponderance of the evidence strongly indicated that 
piscivorous mammals feeding at Schoolhouse Brook and the EBOR will not experience ecological risk 
from exposure to Site COPECs. 

7.10 UNCERTAINTY ANALYSIS 

7.10.1 Introduction 

Uncertainty is an integral part of risk characterization.  Many assumptions and decisions were 
made to generate and manipulate the data used in the risk estimation.  A key component of the process 
is to identify the main sources of uncertainty for each measurement endpoint and see how those 
uncertainties could affect the outcome of the risk calculations.  This information gives a better 
understanding of how the risk conclusions should be interpreted during the risk management decision-
making process. Attachment 7.90 describes the major uncertainties for the risk estimations of the 
aquatic portion of the Ely Copper Mine BERA.  The text below summarizes this information. 

Note that one important uncertainty applies across all of the assessment endpoints evaluated in 
this BERA. The exposures derived from analytical data (i.e., sediment, pore water, surface water, fish 
tissues, and EDDs) included all available data points.  An outlier test was performed as part of the 
ProUCL evaluation, but no data points were eliminated as a result.  Hence, any of the risks derived from 
exposures which included one or more statistical outliers has the potential to be somewhat 
overestimated.   

7.10.2 Major uncertainties associated with assessing risk to benthic invertebrates 

7.10.2.1 Measurement endpoint 1.A:  

Compare sediment COPECs to benchmarks 

Overall, it is anticipated that the potential for ecological risk was moderately overestimated for this 
measurement endpoint.  A major reason is that the screening benchmarks were generic and conservative 
values which did not consider site-specific factors affecting bioavailability.  The overestimation of risk 
should be mitigated because the substrate in the affected waterways had little or no AVS or TOC to bind 
the COPECs.  However, other unquantified phases (e.g., iron oxides) could also have served as binding 
agents.  The second reason was that strong acids were used to release COPECs from the sediment 
matrix before chemical analyses.  These digestions generated conservative data because they did not 
mimic the bioavailability experienced by aquatic receptors in the field.    
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7.10.2.2 Measurement endpoint 1.B:  

Compare pore water COPECs to benchmarks 

Overall, it is anticipated that the potential for ecological risk was moderately underestimated for 
this measurement endpoint.  The main reason was that pore water was collected only during summer 
base flow when the COPEC load moving through the waterways would have been at a minimum and 
surface water hardness would be at a maximum.  The pore water chemistry would likely have been worse 
if sampling had occurred when surface water flow was higher (e.g., during spring snowmelt or fall runoff).  
The potential for severe underestimation of pore water toxicity is somewhat mitigated because the 
screening benchmarks were generic and conservative values protective of a broad range of aquatic 
receptors. 

7.10.2.3 Measurement endpoint 1.C:  

Measure AVS-SEM to estimate the bioavailability of metals in sediment 

Overall, it is anticipated that the potential for ecological risk was up to moderately overestimated.  
The main reason was that sediment is not necessarily toxic when SEM exceeds AVS because other 
unquantified binding phases (e.g., iron oxides) can decrease the bioavailability of metals in sediment.  
The lack of TOC data only had a minor effect on the conclusion.  The reason was that the sediment in the 
affected waterways were relatively coarse and therefore unlikely to contain or retain large amounts of 
TOC. 

7.10.2.4 Measurement endpoints 1.D:  

Toxicity testing of H. azteca and C. tentans exposed to pore water in the laboratory  

Overall, it is anticipated that the potential for ecological risk was moderately to severely 
underestimated for this measurement endpoint.  The main reason for this conclusion was that pore water 
was collected only during summer base flow when the COPEC load moving through the waterways was 
at a minimum and surface water hardness would be at a maximum.  The pore water chemistry would 
likely have been worse if sampling had occurred when surface water flow was higher (e.g., during spring 
snowmelt or after periods of significant rainfall).  Also, the 96-hours exposure period only measured short-
term toxicity.  A lack of mortality after 96 hours did not mean that chronic effects would not have emerged 
under longer exposures.     

7.10.2.5 Measurement endpoint 1.E:  

Toxicity testing of H. azteca and C. tentans exposed to sediment in the laboratory 

Overall, it is anticipated that the potential for ecological risk was moderately overestimated for this 
measurement endpoint.  The main reason was that the sediment samples were collected from the few 
available depositional areas in the waterways, which represented a “worse case” exposure scenario.  
This bias may have been further enhanced because the conditions in the test beakers were more static (= 
greater chance for COPECs to dissociate from sediment into the interstitial water) than those found in the 
affected waterways.  One the other hand, changes in sediment chemistry in some of the beakers over 
time could have decreased bioavailability due to metal precipitation, as was the case for one of the bulk 
sediment samples collected from the main stem of Ely Brook.  

7.10.2.6 Measurement endpoint 1.F:  

Benthic invertebrate community survey 
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Overall, it is anticipated that the potential for ecological risk for this measurement endpoint was as 
reported in the risk characterization.  The observed structure of the benthic community represented a 
long-term, chronic response to local chemical conditions in substrate, pore water, and surface water 
integrated over time.  Also, a comprehensive field survey of the substrate in all of the affected waterways 
was performed in 2006 before selecting the benthic invertebrate sampling locations.  This process 
minimized the intrinsic variability in community structure commonly found as a result of differences in 
habitat quality.  Finally, the published benthic community metrics used in the field data interpretation were 
obtained by the State of Vermont from streams with physical and hydrologic characteristics similar to 
those found in the waterways at the Site.    

7.10.3 Major uncertainties associated with assessing risk to water column invertebrates in the 
ponds 

7.10.3.1 Measurement endpoint 2.A:  

Compare surface water COPECs to benchmarks 

Overall, it is anticipated that the potential for ecological risk in the ponds was moderately 
underestimated for this measurement endpoint.  The main reason was that the surface water data used in 
the evaluation were collected mostly during May and June.  As such, the water chemistry did not 
represent conditions that would occur during spring snowmelt or after significant rain events throughout 
the year. The potential for severe underestimation of risk during high flow was somewhat mitigated 
because the surface water screening benchmarks were generic and conservative values protective of a 
broad range of sensitive aquatic receptors.  

7.10.4 Major uncertainties associated with assessing risk to fish 

7.10.4.1 Measurement endpoint 3.A:  

Compare surface water COPECs to benchmarks 

Overall, it is anticipated that the potential for ecological risk was moderately underestimated for 
this measurement endpoint.  The main reason was that the surface water benchmarks did not account for 
low pH conditions that may occur in some of the water ways at certain times of the year, in addition to the 
high COPEC levels.  On the other hand, the surface water screening benchmarks were generic and 
conservative values protective of a broad range of sensitive aquatic receptors.  Other potential factors 
(i.e., a comprehensive surface water chemistry data set for the three waterways, the availability of 
screening benchmarks for all of the COPECs, and using dissolved metals data) would have had little or 
no effect on the risk associated with this measurement endpoint.   

7.10.4.2 Measurement endpoint 3.B:  

Surface water toxicity testing using juveniles of the fathead minnow  

Overall, it is anticipated that the potential for ecological risk was moderately underestimated for 
this measurement endpoint.  The main reason for this conclusion was that the surface water samples 
used in the laboratory toxicity tests were collected during a three-day period in late June of 2006.  As 
such, the water chemistry did not represent more toxic conditions expected during spring snowmelt or 
after significant rain events throughout the year.  Further underestimation of risk is also associated with 
testing a single fish species for a relatively short duration, and potential changes in the COPEC 
concentration of the renewal water due to metal precipitation. 

7.10.4.3 Measurement endpoint 3.C:  

Compare COPECs in fish tissue to CBRs 
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Overall, it is anticipated that the potential for ecological risk was moderately overestimated for this 
measurement endpoint.  The main reason is that both the species-specific CBRs and final salmonid 
CBRs represented geometric means of literature-derived tissue residue data.  The geometric mean 
produced conservative CBRs because it minimized the influence of high (= less conservative) tissue 
levels on the calculations.  The potential for CBRs to overestimate risk was somewhat mitigated by the 
fact that the cumulative risk of multiple COPECs was not considered and fish with excessively high body 
burdens of COPECs may have died off and would have been excluded from the evaluation. 

7.10.4.4 Measurement endpoint 3.D:  

Fish community surveys 

Overall, it is anticipated that the potential for ecological risk was as reported for this measurement 
endpoint.  The main reasons for this conclusion were that: (1) the overall structure of the local fish 
community represents a long-term, chronic response to chemical conditions integrated over multiple 
years, and (2) the published fish community metrics used in the field data interpretation were obtained by 
the State of Vermont from streams with physical and hydrologic characteristics similar to those found in 
the waterways at the Site.  

7.10.5 Major uncertainties associated with assessing risk to amphibians 

7.10.5.1 Measurement endpoint 4.A:  

Compare surface water COPECs to benchmarks 

Overall, it is anticipated that the potential for ecological risk was slightly underestimated for this 
measurement endpoint.  The main reason was that the surface water benchmarks did not account for low 
pH conditions that may occur at certain times of the year, in addition to the regular COPEC levels.  On the 
other hand, the surface water screening benchmarks were generic and conservative values protective of 
a broad range of sensitive aquatic receptors.  Also, most of the surface water samples from the ponds 
were collected during the period of tadpole development (i.e., May and June).   

7.10.5.2 Measurement endpoint 4.B:  

Surface water toxicity testing using the fathead minnow 

Overall, it is anticipated that the potential for ecological risk was moderately underestimated for 
this measurement endpoint.  The main reason was that the surface water samples used in the laboratory 
toxicity tests were collected during a three-day period in late June of 2006.  As such, the water chemistry 
did not represent the full range of conditions that might occur during the amphibian breeding season.  
Further underestimation of risk is also associated with using a fish species as a surrogate for amphibians. 
using a relatively short exposure duration, and potential changes in the COPEC concentration of the 
renewal water due to metal precipitation. 

7.10.5.3 Measurement endpoint 4.C:  

In-situ toxicity testing using wood frog eggs and tadpoles 

Overall, it is anticipated that the potential for ecological risk could have ranged from as reported 
to a moderate underestimation for this measurement endpoint.  The main reason for this ambiguous 
conclusion was that it was not known how the sensitivity of the embryo-larval stages of the wood frog 
used in the in-situ toxicity tests compares to that of other local amphibian species (e.g., green frog and 
eastern newts) known to use the ponds for breeding.  Risk is as reported if the wood frog is the most 
sensitive local amphibian species.  However, risk would be moderately underestimated if other local 
species are more sensitive to the current ambient conditions than the wood frog.  The data from the long
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term, in-situ tadpole exposures were also compromised by the complete mortality observed at both 
reference locations.  

7.10.6 Major uncertainties associated with assessing risk to piscivorous birds and mammals 

7.10.6.1 Measurement endpoint 5.A and 6.A:  

Food chain modeling using measured fish tissue residue data 

Overall, it is anticipated that the potential for ecological risk may be moderately overestimated for 
this measurement endpoint.  The main reasons for this conclusion were that: (1) several of the exposure 
parameters (mainly area use factors and COPEC bioavailability) used in food chain modeling were 
conservative values for lack of site- or species-specific information, and (2) the TRVs were conservative 
and non-species-specific values derived from the literature. 

7.10.7 Major uncertainties associated with assessing risk to insectivorous birds and mammals 

7.10.7.1 Measurement endpoint 7.A and 8.A:  

Food chain modeling using estimated insect tissue residue data 

Overall, it is anticipated that the potential for ecological risk may be overestimated by a large 
margin for this measurement endpoint.  The main reasons for this conclusion were that: (1) the 
concentrations of COPECs in insects were obtained using generic, literature-derived BAFs instead of 
measured tissue residues from insects collected at the Site, (2) several of the exposure parameters 
(mainly area use factors and COPEC bioavailability) used in food chain modeling were conservative 
values for lack of site- or species-specific information, and (3) the TRVs were conservative and non
species-specific values derived from the literature. 
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2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ESIERlTM-95IR4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald, D.D., C.G. Ingersoll, and T.A. Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. ToxicoL 39:20-31. 

b. Long, E.R., D.D. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 

c. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
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Attachment 7.3 

Incremental Risk for Sediments in Pond 2 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

COPECs - Chemicals of Potential Ecological Concern 

• - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area location. 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 

Created by: RAR 5/21/2008 
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Attachment 7.4 

Hazard Quotients for Sediment COPECs in Pond 3 


Baseline Ecological Risk Assessment 

Ely Cooper Mine Superfund Site, Vershire, VT 


No Effect Effect No Effect HQ Effect HQ 
Sediment Sediment 

COPECs - Chemicals of Potential Ecological Concern 

RME CTE Benchmark Source Benchmark Source RME CTE RME CTE 

Barium 
W~N~"~"'N ,,,__,,~,,,,,,., 

!!~rym!:l..'!!..... 
Cadmium 
Chromium 

0.2 
0.8 
0.5 
0.3Lead 

M~Q~~n~~e:. 
"" "~'''''~''''~'~~''~''V~~ 

M9iY!?2.~.I].!:l.'!!.......... . 
Nickel 
Selenium 
Silver 

2.8 

"'_ "v<m'~'''''~ .~, • 

Strontium 
Vanadium 
"'~'","~_~~w._~~"'"v, "'·'''·W''··'Y'··'·'·'''·"_'·''_·h'.~_·,o<., .,',,-, 

Zinc 
125 
127 121 

0.1 

0.3 

mg/kg, OW =milligrams per kilogram, Dry Weight 
NA - Not Available 
HQ - Hazard Quotient 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 
Oak Ridge National Laboratory. ES/ERlTM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald, D.O., C.G. Ingersoll, and TA Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxicol. 39:20-31. 
b. Long, E.R., D.O. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 
c. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
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Attachment 7.5 

Incremental Risk for Sediments in Pond 3 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

COPECs - Chemicals of Potential Ecological Concem 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area location. 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 
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Attachment 7.6 

Hazard Quotients for Sediment COPECs in Pond 4 


Baseline Ecological Risk Assessment 

Ely Cooper Mine Superfund Site, Vershire, VT 


dmium 
"V~"~"~'~ ."'m~'_'_' 

Chromium 
,~,"__ .·""··.·".~....,",~v,,,· • 

g<:JPP~~ 
ry1~D9.'?D~::>~. 
ry1gl)'~cl~.n':lf!l ..~... 
Nickel 
Selenium
Silver 

Frequency of 
Detection RME CTE 

2410 1665 
1.8 1.4 

61.1 58.6 
1.3 1.00 

0.85 
'"''''''''''9"1'':''9''''' n, v""v'"46':6 

1.2 0.60 
93 75.5 

320 318 

No Effect 
Sediment 

Benchmark Source 

...................... j?). 

(1) 
.(:3L 

630 
NA 

22.7 
0.29 
0.5 
49.0 

...............................UJ........ 
·NA 

50 
121 

m 

Effect Sediment 
Benchmark 

NA 

Source 

No Effect HQ 

RME CTE 

481 

Effect HQ 

RME CTE 

0.5 
,~""~-,,~=,,«~~~~,,~~.~. 

0.6 
. ... .·m·."~"~~_~""~...~.• _ 

2.7 

0.4 
0.6 
2.6 

""'.,..., ". '"'' " .. " ..........~ 

1.9 
2.6 

2.6 2.2 

1.5 
"" ".""..." ...~""""-~"... 

2.6 0.7 

337 219 0.7 
·NA1.6 1.1 

• ",."" "V '" """"~~~'_"""~' 6:992.5 1.8 
.~ .. ~.,,_.v_... ~, 

67 63.5 43.4 
400 390 31.6 

COPECs - Chemicals of Potential Ecological Concern 
mglkg, OW =milligrams per kilogram, Dry Weight 
NA - Not Available 
HQ - Hazard Quotient 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.govIRCRIS-region-5IcaIESL.pdf 

2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 
Oak Ridge National Laboratory. ESIERlTM-95/R4. 
3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald, D.O., C.G. Ingersoll, and TA Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxico!. 39:20-31. 
b. Long, E.R.. D.O. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 
c. Persaud. D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
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Attachment 7.7 

Incremental Risk for Sediments in Pond 4 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area location. 

NA - Not Available - thallium was not analyzed for in Pond 1. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 
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Attachment 7.8 

Hazard Quotients for Sediment COPECs in Pond 5 


Baseline Ecological Risk Assessment 

Ely Cooper Mine Superfund Site, Vershire, VT 


No Effect 

RME Sediment 


Copper 

296 
1.6 
4 
70 

78.3 
3540 

296 

70 
78.3 
3540 

0.7 
NA 

0.99 
43.4 
50 

31.6 

@ 

"IIL 
.(1) 

.... (1) ... 
(1). 

NA 
NA 

4.98...............(§iL 
111 . ..........(9) .. 
NA 

149 ............ (91. 

423 

4.0 
1.6 

'" v ,~, ,~~_.,,~._~~. " 

1.6 
112 

~~n:9.~~.~~~.······ 
.1y1~1Jt~~!?D.L!.rrl ... 
Nickel 

1430 1430 630 .....J~L.... JJQg ........ Jg) 
''>.''c''~2-~'3''·~''·'" v 

2.5 2.5 
56.8 56.8 

Selenium 1.3 1.3 

NA 
22.7 
0.29 
0.5 

NA 
48.6 2.5 

4.5 
1.0Silver 0.5 0.5 

NA 
3.7 
NA 
NA 

, •••••••. ' .••L .•....,. "'" .~vvn"v.'"v. ,Wo'.~~'''. 

Strontium 
Tin 
Vanadium 
Zinc 

76.5 
1.6 

79.0 
507 

76.5 49.0 
1.6 5.0 

79.0 50 NA 
507 121 459 a 

1.6 
0.3 
1.6 
4.2 

423 

4.0 
""" vov ."'~,~v~.,~.w" 

1.6 
1.6 
112"''''.w-.''•.. e·~·2~3~ov''.'~''''. 

COPECs - Chemicals of Potential Ecological Concern 

mg/kg. OW =milligrams per kilogram. Dry Weight 
NA - Not Available 

HQ - Hazard Quotient 
RME - Reasonable Maximum Exposure 
CT - Central Tendency Exposure 
1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and RN. HUll. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERlTM-95/R4. 
3. Buchman. M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1. Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 

4. Persaud, D., R Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald. D.O .• C.G. Ingersoll. and T.A. Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxico!. 39:20-31. 

b. Long. E.R. D.O. MacDonald. S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 
c. Persaud. D .• R Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

24 24 
'w """'"«,.~""~v.c,,,,., 1.3 1.3 
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Attachment 7.9 

Incremental Risk for Sediments in Pond 5 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

1.1 0.3 
COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area location. 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 
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Attachment 7.10 

Hazard Quotients for Sediment COPECs in the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


No Effect Effect 
Frequency of 

Detection 
Sediment Sediment No Effect HQ Effect HQ 

Bench mark Source Bench mark Source I--=:R":"M:":E::--;----:C=-=T:::E=--t---:R=-M=-=-=E=--r--"::C:O::T==E:---iCOPECs 
Metals 

~§1f:19§11l~~El ... 
~glye.<:l~Il.l:J..rn... 
Nickel 
Selenium 
Silver 
Strontium 
"n~~"="."~~~n.~, .~.._,",Wc~.~.n" ,_.".~••".,. • 

Tha"ium 
Vanadium 

RME 

115 
2.0 
3.2 

83.0 
45.6 
3873 

141841 
40.2 
1249 
1 
14.9 
31.8 
3.9 
123 
3.3 

69.6 
132.3 

CTE 

66.0 
0.62· 
1.5 

32.8 
.5 

3101 
125288 

29.3 
298 
10.9 
9.5 
28.5 
3.2 

~"w,>·,·.·.",,".W""··'·"·. 

88.0 
5.3 

61.0 
110 

0.7 
NA 

0.99 
43.4 
50 

31.6 
188400 

35.8 
630 
NA 

22.7 
0.29 
0.5 
49 
NA 

.......... (~) .•... NA 164 94 
NA 

(11 .... 4.98 .. J§lt... 3.2 
...... (11 111 ... (§It 1.9 

(}) NA 0.9 

UL 149 ..(§It 123 98 
.j~) 40000 (9J .. 0.8 0.7 

.JU.... 128 (§I). 1.1 0.8 

....... (~) 1100 ....... (9) .. 2.0 0.5 
.-'''''".. " .. 

NA 

{!2 48.6 0.7 

... (}L NA 110 
........ U.l 3.7 7.8 

(~L NA 2.5 
NA 
NA 1.4 
459 a 1.1 

0.6 

0.9 

0.2 
COPECs. - Chemicals of Potential Ecological Concern 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. USEPA. 2003. Region V Ecological Screening Levels. vvww.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERITM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud,.D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald, D.O., C.G. Ingersoll, and TA Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxico!. 39:20-31. 

b. Long, E.R., D.O. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 

c. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
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Attachment 7.11 

Hazard Quotients for Sediment COPECs in the Upstream Reference Section of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals 

Frequency of 
Detection RME 

No Effect Effect 
Sediment Sediment No Effect HQ Effect HQ 

~~~~r-~==--r-~~~~~==-4
Benchmark Source Benchmark Source RME CTE RME CTECTE 

COPECs - Chemicals of Potential Ecological Concern 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERITM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald, D.O., C.G. Ingersoll, and T.A. Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxicol. 39:20-31. 

b. Long, E.R., D.O. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 

c. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
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Attachment 7.12 

Incremental Risk for Sediments in Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


No Effect 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area location. 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 
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Attachment 7.13 

Hazard Quotients for Sediment COPECs in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Metals, Total 

No Effect Effect 
Frequency of Sediment Sediment No Effect HQ Effect HQ 

r-~~~~~~~--~~~~~~-;
RME Benchmark Source Benchmark Source RME CTE RME CTEDetection CTE 

(a) 
34 106 62.1 0.7{~L NA 

7/ 34 1.6 0.56 NA NA 

31 / 34, 11",,:2,:,:.8"""1 2.0 9.79(1} 33 

"" """ """"""~"'W"" """'1'" "",' 

;: ~ ;: ~!} "H~~ 4;04 JH~~~~ 'wwwl,,,,,~,~;:'w;;~"""""~1 ,', """"~j""""'I",0;":.,:2,;,:,,~,,,,,~jl""'""',"'~:~~':~=,",~,','",,,I 
34 34 489 300 31.6(1} 149,{~1"~'I""",,,9""'w5,,,,,f9Ee~E"" 
34 / 34 655 442 630j~) 11 OO,~g) 1.0 0.7ty1"C3D£I~E'~~~",, 
29 30 2.3 1.22 NA NAty1pJl~9~nl:l~ "" "V ,'>u<,~~, <"'e~vm_ , " """" ",. 0 ""o><"·~·,.,, '" "",.~., •.-~"_<,~,,.'~"_~" _'""~""'" 

Selenium 29 / 33 2.8 2.34 o.29J~)I':I~, "",,,+,,'w,,,,9,:,,.;,5:"""""I,~,,,,8~'·w_1''''''''I'""""""""",;1",,,,,,,,,,,,,,,,_,,,,1 
Strontium 6 6 2121,,~±, 49.OJ~L I" """"N"",A"", "" "II, """, "1""""4",,,,,3,,,,,,,,,,+,, ,i:Q"",1""""""""""",1"""""""""" '''I 
Vanadium 34 35 34.3 23.5 50 j~), .7 0.5 

34 64.3 57.4121 1 0.5 0.1 0.1 
--~------~------~----~ 

COPECs - Chemicals of Potential Ecological Concern 
mg/kg = milligrams per kilogram 
NA - Not Available 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 

HQ - Hazard Quotient 
1, USEPA. 2003. Region V Ecological Screening Levels, www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D,S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERITM-95/R4. 
3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald, D.O., C.G. Ingersoll, and T.A. Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxicol. 39 
b. Long, E.R., D.O. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 1 
c. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
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Attachment 7.14 

Hazard Quotients for Sediment COPECs in the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


No Effect Effect 

COPECs 
Frequency of 

Detection RME CTE 
Sediment' Sediment No Effect HQ Effect HQ 

r-~~-'r-~~~r-~~-.r-~~~
Benchmark Source Benchmark Source RME CTE RME CTE 

Metals, Total (mg/kg) 
8 / 12 3.0 2.2 9.79 ............ (11 33 (~1 0.3 0.2 0.1 0.1 ..... ..... ...... "»"""'~","~·"_~m<~,,~,, ~,. 

Arsenic 
11 / 11 148 64.7 0.7 ..J~) NA 212 92 I 

3/ 11 
.....• 

2 
.... 

0.60 NA 
.............. ····1 

NA 
........ ..... 

I 

11 / 11 
........ 

52.0 
.... ." 

23.1 
.......' 

43.4 .. (11 
····1 

111 (a) 1.2 0.5 0.5 0.2 ...... .... ...... I' "<·,,,,,,,··,,,,w_~,,·v,,v~ww~,, 

11 / 11 6.0 5.0 50 ...... U.L NA 0.1 0.1.........•.... ..... , ... ......... ......... " ...•-.. >'~<_~,,~"'·,,~,,~""~_~,,··'w 

11 / 11 14.6 10.5 31.6 J1L 149 (a) 0.5 0.3 0.1 0.1 
11/ 

....... 
I 442 630············ .. ·· '''~ < ~ ,.,." ..· .... (c) .".,,, ~."~,,""~,.~~"'~ "'~~ 

11 599 ........ (~L 1100 0.95 0.7 0.5 0.4 
","""~"w~,~''''~''m=·~· 

5 / 7 0.28 0.55 NA NA ....... ........ .,,~~,~~- "'~~-" ,.. '"/- .,," " , """"··~·w~_~~v."w'''.''w" 

1 / 5 0.30 0.70 0.29 NA 1.0 2.4
..•.•....... .•..•..• ".", .... ......... (~) ..... ............ .,- .. ".-"""".,,',"-.""'-.,,"',,." " . ...... 

Vanadium 
Zinc 

2 / 
11 / 
11 / 

2 
. ............. 

11 ...... 

11 

257 230 .. . ......... 1 .... 
29.7 21.5

···················40.1 + 28.8 
i 

49.0 (3) NA 5.2 4.7,................. 
NA50 ...... j~} ...... 0.6 0.4 .......... .... 

121 (1 ) 459 (a) 0.3 0.2 

....... 

0.1 0.1 
mg/kg = milligrams per kilogram 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERITM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald, D.O., C.G. Ingersoll, and T.A. Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxico!. 39:20-31. 

b. Long, E.R., D.O. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 

c. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
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Attachment 7.15 

Incremental Risk for Sediments in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


0.5 
0.95 

0.1 o. 0.1 
COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

-- - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 
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Attachment 7.16 
Hazard Quotients for Sediment COPECs in the EBOR 

Baseline Ecological Risk Assessment 

a. MacDonald. D.o .. C.G. Ingersoll. and T.A. Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxico!. 39:20-31. 

b. Long. E.R.. D.o. MacDonald. S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 

c. Persaud. D .. R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIOmpom Riverl 

HQ - Ompom River.xlsAquatic SD 1 of 1 
Created by: RAR 4/18/2008 

QC'd by: EK 5/15/2008 

.COPECs 
Metals, Total 
Barium 
""'''~''',.,·,.~y",,,.,,w,·· 

~.E?E}'llil!r:!!~ .... 
S~2ppE?r ....... 
fIt19D9.~rl.E?~~....... 
fIt1gl}'~<:jE?rll:lr:!! 
Selenium 
Silver 
""~",,,,,,vv,,,,,~,<·,,·,,,,·«, 

Strontium 
Thallium 
Zinc 
mg/kg = milligrams per kilogram 

NA - Not Available 

Frequency of 
Detection 

17 / 17 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

EBOR - East Branch of the Ompompanoosuc River 

RME 

90.0 
1.8 
127 
475 
1.1 

0.81 
0.57 
193 
13.8 
58.7 

Ely Copper Mine Superfund Site, Vershire, VT 

No Effect Effect 
Sediment Sediment 

CTE Benchmark Source Benchmark 

46.3 0.7 ......... J~) NA 
0.40 NA NA 
76.3 31.6 .J1J .... 149 
355 630 (~) ... 1100 
0.92 NA NA 
1.6 0.29 ... QL NA 

0.72 0.5 .(1.) ..... 3.7 
193 49.0 .... (~) NA 
4.5 NA 
44 121 459 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

No Effect HQ 
Source RME CTE 

129 66 

4.0 2.4 
......(9) ....... 0.8 0.6 

2.8 5.6 
,,~..,,"~_"~m"~.w~~~ 

1.1 1.4 
3.9 3.9 

.""~"...." ..""".""".,~,,,,,. 
0.5 0.4 

2. Jones. D.S .. G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERfTM-95/R4. 

3. Buchman. M.F. 1999. NOAA Screening Quick Reference Tables. NOAA HAZMAT Report 99-1. Coastal Protection Division. National Oceanic.and Atmospheric Administration. 12 pp. 
4. Persaud. D .• R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

Effect HQ 
RME CTE 

0.9 0.5 
0.4 0.3 

O. 0.2 

0.1 0.1 



Attachment 7.17 

Hazard Quotients for Sediment COPECs in the Upstream Reference Section of the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals, Total (mg/kg) 
Barium 
"~"·YA"'~"·"'V~'~""'·V~"W' ". 

.~~.ryl~il:lr1J. 

.g2ep~r ..... 

.~c:lD.9c:lr:.~:;;.~ ... 

.~gIY~9~r:!.ll.r1J 
Selenium 

Frequency of 
Detection 

3 / 3 
2 I 3 .... 
2 / 3 
3 / 3 
1 I 1 
0 / 3 

"'-'''''~~'"'''~~''~''~-~~'~'-~~Y'-'~~ ........... 
Silver 1 [3 

1 I 1 
o / 2 
3 I 3 

RME 

187 
1.6 

1 

4.5 
475 
0.16 
5.0

I
0.28 

"A"'~V"~N'~""~"~'" , 

198 
17.5 
33.0 

No Effect Effect 
Sediment Sediment 

CTE Benchmark Source Benchmark 

79.4 0.7 ...... j~t ... NA ... ..... ,,·...·v. ".«. 

0.75 NA NA ......... ............. ......I···· ..... ...... 
3.2 31.6 .j~J 149 .... 
278 630 I (3). 1100 

Y"' .0. ''''''''''''''_'_AW''_ ......... •. ,'0, _y,,' " .. ,.~.v._"" .•v,,., 

0.16 NA NA ..............' ·'''''''''''''''''~'''w,···,· 

1.8 0.29 Qt NA 
0.76 0.5 ....... J.!..).. 3.7 ..... .. 

198 49.0 ........... (~1 .... NA 
"U"V""A"Y"W""'''''«''''~'Y 

,. WYW Y v .·, ...·"••·,·~'v~v·"'"" .." 

9.1 NA NA ... "".0. 

22.2 121 (1 ) 459 

Source 

......... 

:~:l~J::+ 
(c) 

(a) 

No Effect HQ 
RME CTE 

267 113 

0.1 0.1 
0.8 0.4 

17 6.2 
0.6 ...J.~~...........~~'"~ 

4.0 4.0 
··"Y~·",___·Y. __ 4~""'W"_'_·_""~·' 

0.3 0.2 

Effect HQ 
RME CTE 

"'w"_""""~,,yCy,_,~,_,,__y~_~,", 

0.03 0.02 
0.4 0.3 

0.1 0.2 

""",..""".~""~,.,."U",_".. ~»",, 

0.1 0.05 
mg/kg = milligrams per kilogram 

NA - Not Available 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

EBOR - East Branch of the Ompompanoosuc River 

1. USEPA. 2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 
2. Jones, D.S., G.W. Suter and R.N. Hull. 1997. Toxicological benchmarks for screening contaminants of potential concern for effects on sediment-associated biota: 1997 revision. 

Oak Ridge National Laboratory. ES/ERITM-95/R4. 

3. Buchman, M.F. 1999. NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, National Oceanic and Atmospheric Administration. 12 pp. 
4. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 

a. MacDonald, D.o., C.G. Ingersoll, and TA Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxicol. 39:20-31. 

b. Long, E.R., D.o. MacDonald, S.L. Smith and F.o. Calder. 1995. Incidence of adverse biological effects with ranges of chemical concentrations in marine and estuarine sediments. Environ. Manag. 19:81-97. 

c. Persaud, D., R. Jaagumagi and A. Hayton. 1993. Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of Environment and Energy. 
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Attachment 7.18 

Incremental Risk for Sediments in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

2.8 
1.1 
3.9 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

-- - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: RAR 5/22/2008 
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Attachment 7.19 

Hazard Quotients for Pore Water COPECs in Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of Reasonable Central Acute Surface Water Chronic Surface Acute HQ Chronic HQ 
COPECs Detection Maximum Tendenc Benchmark Source Water Benchmark Source RME CTE RME CTE 

Metals, Dissolved u IL 
Aluminum 6 I 6 456 95.1 750 ,(a) 87 OJ, 0.6 0.1 5.2 1.1 
Arsenic 

g~~~~~ 
01 6 
Oi6 
6 I 6 

100 
5.0 
2.0 

100 
5.0 
0.45 

340 
35 
2 

, ,(a) 
(c) 
(a) 

150 
'3:6 

0.25 

(1), 
(1) 
(1 ) 

0.3 
0.1 
1.0 

0.3 
0.1 
0.2 

0.7 0.7 
i:4 '1.4'

""'''_.. ''w._ ,_._,~.,., ,., -~",""."-."~,.,,, 

7.8 1.8 
Cobalt 
g;;~e~i~"". 
J'IIClI19anesE3 

6 I 6 
6/6 
6 I 6 

95.0 
131 

6590 

32.5 
45:6 
1782 

1500 
13.0 
2300 

(c) 

" (a) 
(cL 

24 
9 

120 

,,(1) 
m 
@ 

0.1 
10 
3 

0.0 
' 3.5 

0.8 

4.0 
15 
55 

1.4 
5.1 
15 

tIIlE3rc[jry 0 I 2 2.5 2.5 1.4 (a) 0.77 (1 ) 1.8 1.8 3.2 3.2 
Strontium 
Zinc 

6 I 6 
6 I 6 

212 
126 

97.5 
31.6 

15000 
120 

(c) 
a 

1500 
120 

(6)" 
1 

0.01 
1.1 

0.01 
'0:3 

0.1 
1.1 

0.1 
0:3 

ug/L - micorgrams per liter 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ec6tox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels, www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Scre\3ning Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.l. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquaUc biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.l. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERITM-96/R2. Oak Ridge National Laboratory. 
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Attachment 7.20 

Hazard Quotients for Pore Water COPECs in the Upstream Reference Section of the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Chronic Surface 
Water Benchmark Source 

Acute HQ 
RME CTE 

Frequency of Reasonable Central Acute Surface 

COPECs 
 Tendenc Water Benchmark Source 

Metals, Dissolved u IL 
Aluminum 

Detection Maximum 

88.8 35.1 750 87 
Arsenic' 

3/ 3 .(a)..... 

100 340 150 

§e,ryUilJrTl .. 
0/ 3 100 (a) 
0/ 3 5.0 5.0 35 3.6 

Cadmium 
.. (~L 

0.73 22 / 3 2.2 0.25 
Cobalt 

(a) 
1500 242 / 3 0.55 2.0 (~) 

6.2 13.03/ 3 3.6 (a) 9f;;2p~r 
3000 2300 1203/ 3 1019 ... (~)JII1Clrlg~rle,~e, 
2.5 0.770/ 1 2.5 1.4 (a)f\I1e~~lJry 

150003/ 3 258 133 1500Strontium (c;)
, . .••....... ··_,,«w.~''' 


1203 / 3 12.8 5.6 120 aZinc 
ug/L - micorgrams per liter 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 


2, State of Vermont. 2006. Vermont Water Quality Standards, 


3, U,S. EPA. 1996, ECO Update: Ecotox Thresholds, EPA 540/F-95/038. January, 1996. 


4. USEPA.2003, Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 


5. Buchman, M,F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1. Coastal Protection Division, NOAA. 


6. Suter. G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 

ES/ERlTM-96/R2. Oak Ridge National Laboratory. 


a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 


b. State of Vermont. 2006. Vermont Water Quality Standards. 


c, Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak Ridge National Laboratory. 
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Attachment 7.21 

Incremental Risk for the Pore Water in the 


Main Stem of Ely Brook 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site, Vershire, VT 


Acute Scenario 

COPECs 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: RAR 6/10/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 
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Attachment 7.22 

Hazard Quotients for Pore Water COPECs in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Reasonable Central Acute Surface Chronic Surface Acute HQ Chronic HQ 
Maximum Tendenc Water Benchmark Source Water Benchmark Source RME CTE RME CTE 

Cadmium 

9()PP!3f 

~Clr19§D!3§i!3 
Selenium 
Thallium 
Zinc 

9 I 9 
0/9 
0/9 
9 I 9 
9 I 9 
9 19 
8 I 9 
7 I 9 
2 I 9 

202 
100 
5.0 

0.30 
25.0 
2030 
7.4 
470 
149 

44.0 
100 
5.0 

0.11 
8.8 

589.1 
4.3 

266.3 
19.1 

750 
340 
35 
2 

13.0 
2300 

20 
110 
120 

(a) 
(a) 
(c) 
(a) 
(a) 
(c) 
(b) 
(c) 
a 

87 
150 
3.6 

0.25 
9 

120 
5.0 
40 
120 

(1) 
(1) 
(4) 
(1) 
.(1) 
(() 
(1 ) 
(5) 
1 

0.3 
0.3 

,0.1 
0.2 
1.9 
0.9 
0.4 
4.3 
1.2 

0.1 
0.3 
0.1 
0.1 
0.7 
0.3 
0.2 
2.4 
0.2 

1.4 
1.2 
2.8 
17 
1.5 
12 
1.2 

1.4 
0.4 

0.98 
4.9 
0.9 
6.7 
0.2 

ug/L - micrograms per liter 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-951038. January. 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman. M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1. Coastal Protection Division. NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERITM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ESIERlTM-96/R2. Oak Ridge National Laboratory. 
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Attachment 7.23 

Hazard Quotients for Pore Water COPECs in the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals, Dissolved 
Aluminum 
Arsenic 

§~E~!lilJrTl ..~.~~, 
Cadmium 

Q9PPE:lr 
,~?llJg?lI1,E:l~E:l..... 
Selenium 
,,=,~<"~_c.W"'_'_>" ,,~, 

Thallium 
"'."'~~,,,~'" """~"-",,,, 

Zinc 

Reasonable 
Maximum 

98.0 
100 
5.0 

0.02 
0.58 
4000 
0.50 
0.20 
2.2 

Central 
Tendenc 

40.1 
100 
5.0 

0.84 
.9 

1336 
0.50 
0.10 

Acute Surface Water Chronic Surface 
Benchmark Source Water Benchmark Source 

750 (elL 
340 ...(Cl). 
35 (g) .. 

(a) 
13.0 .(a) 
2300 .. (g) 120 

20 ....J~.t. 
110 (c:;) ... 

120.0 a 120 

Acute HQ 
RME CTE 

Chronic HQ 
RME CTE 

ug/L - micrograms per liter 

COPECs - Chemicals of Potential Ecological Concem 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/03S. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESl.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.l. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concem for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.l. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak Ridge National Laboratory. 
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Attachment 7.24 

Incremental Risk for the Pore Water in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 
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Attachment 7.25 

Hazard Quotients for Pore Water COPECs in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of 
COPECs Detection 

Reasonable 
Maximum 

Central 
Tendency 

Acute Surface Water 
Benchmark Source 

Chronic Surface 
Water Benchmark 

Metals, Dissolved (ug/L) 
Arsenic 0 I 3 
Be'ryfiium 0 I 3·Manganese " ...... 3 I 3Mercury' .....,'.. "," ,. 0 I 1 

100 
5.0 

3700 
_ "_, '" >"_'''~_CC,·w ~ ,,_ 

2.5 

100 - ,,~, 

5.0 ..... 
1918 

''''-'' 

2.5 

. ' 

•.... 

340 ... 

...~ti.. 
2300 
1.4 

. .,. '" 

(a) 150 

(~f 3.6 .... 
120(c) 

'(8) 
...... 

0.77 

..... 

Acute HQ 
Source RME CTE 

..J1) 0.3 
w •••• 

0.3 

:....... (~L 0.1 0.1 
cu., 

.@............ 1.6 0.8 
""~ 

(1 ) 1.8 1.8 

Chronic HQ 
RME CTE 

0.7 0.7 
1.4 ;r:4 
31 16 
3.2 3.2 

uglL - micorgrams per liter 

EBOR - East Branch of the Ompompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540IF-951038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.govIRCRIS-region-5IcaIESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAAHAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 

ESIERfTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ESIERfTM-96IR2. Oak Ridge National Laboratory. 

Created by: RAR 611012008G:IALLSHAREIESATBIOIElyMineIBERAICOPCs· EPCs" HQsIOmpom Riverl 
HQ - Ompom Rlver,xlsAquatic PW 1 of 1 QC'd by: EK 611212008 

www.epa.govIRCRIS-region-5IcaIESL.pdf


Attachment 7.26 

Hazard Quotients for Pore Water in the Upstream Reference Section of the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Frequency of 

Detection 
Reasonable 
Maximum 

Central 
Tendency 

Acute Surface Water 
Benchmark Source 

Chronic Surface 
Water Benchmark Source 

Acute HQ Chronic HQ 
RME CTE RME CTE 

Metals, Dissolved (ug/L) 
Arsenic 0 I 3 BerylITum...••... ... .......... 9.. /3 

~~~~!~~~~ .. ~.~ .~ ....... 

100 
5.0 

.. 

6830 
........ 

.............. 
2.5 

100 
5.0

! 
2347 

..... 

i· """" 

2.5 

340 
35 

.. 

2300 ..... 

1.4 

(3)I 
(c) 
(C,) 
(a) 

150 ..+ 
3.6 

I 
120 

..................

. ..... 

0.77 

. 

.... (Jt 0.3 
(1) 0.1 

··········f~~····· 3.0 
". ~ .,. """"""'''''''',,v 

1.8 
~~~4:=i~ 

0.7 
1.4 
20 
3.2 

ug/L - micrograms per liter 

EBOR - East Branch of the Ompompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman. M.F. 1999. Screening Quick Reference Tables. NOAA HAZMAT Report 99-1'. Coastal Protection Division. NOAA. 

6. Suter. G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter. G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

Created by: RAR 6/10/2008 
HQ - Ompom River.xlsAquatic PW-Ref 1 of 1 QC'd by: EK 6112/2008 
G:\ALLSHAREIESATBIO\Ely MinelBERAICOPCs - EPCs - HQsIOmpom Rive~ 

www.epa.gov/RCRIS-region-5/ca/ESL.pdf


Attachment 7.27 

Incremental Risk for Pore Water in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 

0.3 
0.1 
1.6 
1.8 

0.3 
0.1................. +. 
3.0 
1.8 

31 
3.2 3.2 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: RAR 6/10/2008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 
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Attachment 7.28
 
Calculation of AVS-SEM
 

Baseline Ecological Risk Assessment
 
Ely Copper Mine Superfund Site, Vershire, VT
 

Site Name Sample Name Exposure Area Units 
Sampling 

Date 
Cadmium Copper Lead Mercury Nickel Silver Zinc SEM 

Acid Volatile 
Sulfide AVS SEM-AVS 

conc RL qual conc RL qual conc RL qual conc RL qual conc RL qual conc RL qual conc RL qual conc RL qual 
EB-210M ELY-SED-10C Ely Brook umole/g 11/3/2004 0.002 0.002 J 3.0 0.03 1.0 0.01 0.10 4.1 ND 0.06 131 
EB-30M ELY-SED-09C Ely Brook umole/g 11/3/2004 0.002 0.002 J 3.6 0.04 0.01 0.02 J 0.01 0.18 3.9 ND 0.07 113 
EB-405M ELY-SED-33C Ely Brook umole/g 11/3/2004 0.003 5.2 0.03 0.33 0.01 0.14 5.7 ND 0.07 176 
EB-440M ELY-SED-11C Ely Brook umole/g 11/3/2004 0.002 0.002 J 2.9 0.03 1.4 0.01 0.10 4.4 ND 0.06 139 
EB-530M ELY-SED-12C Ely Brook umole/g 11/1/2004 0.003 1.5 0.02 0.26 0.01 0.006 J 0.06 1.9 ND 0.06 59 
EB-560M ELY-SED-13C Ely Brook umole/g 11/1/2004 0.003 14.2 0.02 1.2 0.003 0.006 J 0.53 16.0 ND 0.06 506 
EB-600M 06ELY03 Ely Brook umole/g  8/23/2006 0.004  B 13.8 0.02  ND 0.0008 0.06  B 0.65 14.5  ND 10.1 ND 0.61 48 
EB-770M 06ELY02 Ely Brook umole/g 8/23/2006 0.001  B 5.4 0.01 B ND 0.0008 0.04  B 0.30 5.7  ND 10.5 ND 0.64 18.0 
EB-90M 06ELY04 Ely Brook umole/g 8/23/2006  ND 0.001 1.1 0.02  ND 0.0008  ND 0.01 0.05  B 1.2  ND 10.2 ND 0.63 3.7 
SB-1360M 06ELY07 School House Brook umole/g 8/23/2006  ND 0.001 1.0 0.01  B ND 0.0008 0.04  B 0.30 1.4  ND 10.3 ND 0.65 4.2 
SB-1360M ELY-SED-01C School House Brook umole/g 11/3/2004 0.002 0.002 J 2.1 0.005 J 0.01 0.07 0.02 J 0.0004 0.006 J 0.66 2.9 0.33 0.06 J 8.6 
SB-140M 06ELY08 School House Brook umole/g  8/22/2006  ND 0.001 1.2 0.02  B ND 0.0009 0.04  B 0.35 1.6  ND 10.8 ND 0.66 4.9 
SB-20M ELY-SED-27C School House Brook umole/g 11/4/2004 0.002 2.5 0.005 J 0.02 0.08 0.02 J 0.0004 0.006 J 0.67 3.3 0.17 0.06  J 19 
SB-2400M 06ELY06 School House Brook umole/g 8/22/2006  ND 0.001 1.0 0.01  B ND 0.0008 0.04  B 0.30 1.3  ND 10.3 ND 0.64 4.2 
SB-2900M ELY-SED-02C School House Brook umole/g 11/4/2004 0.002 0.002 J 2.0 0.005 J 0.01 0.07 0.02 J 0.0005 0.006 J 0.44 2.5 ND 0.06 UJ 83 
SB-2920M ELY-SED-03C School House Brook umole/g 11/4/2004 0.002 0.002 J 2.3 0.005 J 0.01 0.53 0.02 J 0.0004 0.005 J 0.44 3.3 ND 0.06 UJ 109 
SB-3020M ELY-SED-04C School House Brook umole/g 11/4/2004 0.001 0.002 J 1.6 0.004 J 0.01 0.05 0.02 J 0.0005 0.005 J 0.34 2.0 ND 0.06 UJ 67 
SB-3125M ELY-SED-05C School House Brook umole/g 11/4/2004 0.001 0.002 J 1.8 0.005 J 0.01 0.05 0.02 J 0.0004 0.005 J 0.32 2.1 ND 0.06 UJ 74 
SB-3250M ELY-SED-06C School House Brook umole/g 11/4/2004 0.002 3.0 0.004 J 0.02 1.1 0.02 J 0.0008 0.005 J 0.55 4.7 0.11 0.06 J 42 
OR-11850M SED-03-35R EBOR umole/g 7/19/2000 0.003 1.0 0.03 0.13 0.56 1.7 ND 0.18 19.1 
OR-23200M 06ELY10 EBOR umole/g 8/22/2006  ND 0.001 0.27 0.01  B ND 0.0009 0.03  B 0.14 0.44  ND 11.5 ND 0.68 1.3 
OR-23630M  ELY-SED-28C EBOR umole/g 11/4/2004 0.0007 0.002 J 0.52 0.005 J 0.02 0.05 0.02 J ND 0.005 0.27 0.85 0.11 0.06 J 7.8 
OR-23650M  ELY-SED-26C EBOR umole/g 11/4/2004 0.0004 0.002 J 0.08 0.005 J 0.01 0.13 0.02 J ND 0.006 0.15 0.37 0.28 0.06 J 1.3 
OR-8350M SED-04-45R EBOR umole/g 10/2/2000  ND 0.004 0.26  ND 0.04  ND 0.07 0.25 0.51 0.25 2.0 
umole/g - micromile per gram 
Note: Most AVS concentrations fell below their RLs. In those situations, the SEM/AVS was obtained by dividing the SEM concentration by one half of the RL. 
Note 2: Only on sample collected for SEM and AVS analysis was analyzed for total organic carbon (TOC). 
EBOR - East Branch of the Ompompanoosuc River 
SEM - Simultaneously Extracted Metals 
AVS - Acid Volatile Sulfide 
Conc - concentration 
RL - Reporting Limit 
Qual - qualifier 
ND - Not Detected 
B - analyte is associated with blank contamination 
J - estimated value 

Created by: RAR 7/1/2008 
AVS SEM.xlsSheet3 1 of 1 QC'd by: SJP 7/2/2008
G:\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\ 



Attachment 7.29: Weight-ot-Evidence Integration tor Benthic Invertebrates 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


Assessment Endpoint 1: 

Maintain a stable and healthy benthic invertebrate community 

Are the COPEC levels in sediment sufficiently high to cause biologically-significant changes or impair the function 

of the benthic community in the on-Site ponds and the three streams affected by Ely Mine? 


Measurement Endpoints 
1.A: Compare COPEC levels in sediment samples to published sediment benchmarks 
1.B: Compare dissolved COPEC levels in pore water samples to published surface water benchmarks 
1.C: Estimate the bioavailability of divalent metals in sediment based on SEM/AVS 
1.0: Measure survival in H. azteca and C. tentans exposed for 96 hours to sediment pore water samples 
1.E: Measure survival and growth in H. azteca and C. tentans exposed for 10 days and 28 days, respectively, to 
bulk sediment samples 

1.F: Evaluate the structure and function of the benthic invertebrate community 

Weight-of-Evidence Integration 

Pond 2 on the east branch of Ely Brook I WEIGHT OF .EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 
Yes/Low 

Undeterminate 
No Harm 1.A 

Pond 3 on the east branch of Ely Brook WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 
Yes/Low 1.A 

Undeterminate 
No Harm 

Pond 4 on the east branch ofEly Brook I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 
Yes/Low 1.A 

Undeterminate 
No Harm 

Pond 5 on the east branch ofEly Brook I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 1.A 
Yes/Low 

, Undeterminate 
No Harm 



Attachment 7.29: Weight-of-Evidence Integration for Benthic Invertebrates 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


The main stem of Ely Brook I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High '1.A; 1.B; 1C 1.0 . 1.E 1.F 
Yes/Low 

Undeterminate 
No Harm 

Schoolhouse Brook I 

HARM/MAGNITUDE Low 
Yes/Higt 1.B; 1C 
Yes/LoVl 1.A 

Undeterminate 
No Ham 

WEIGHT OF EVIDENCE 
Low-


Medium 
 Medium 

1.0 

Medium 
High High 

1.F1.E 

TheEBOR I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 
Yes/Low 1.C 

undetermina~ 
No Har 1.A; 1.B 1.0 1.E 1.F 

Assessment endpoints, measurement endpoints, and assigned weights are discussed in Section 4 of the BERA 
The WOE integration for the benthic invertebrate community is discussed in Section 7 of the BERA 

I 



Attachment 7.30 

Hazard Quotients for Surface Water COPECs in Pond 2 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Frequency of 

Detection 
Reasonable 
Maximum 

Central 
Tendency 

Acute Surface 
Water 

Benchmark 

Chronic Surface 
Water 

BenchmarkSource Source 
Acute HQ Chronic HQ 

RME CTE RME CTE 
Metals, Dissolved (ug/L) 
_~~l)'llilJfl1 
Qgpper 

.......!y1§1ng§l~~~.~..... 
Silver 
Zinc 

I 

0 I 6 
6 I 6 ......... 

6 I 6 

I 

I 

5.0 
41.8 

........ 

1400 
3 
6 

I 
I 

6 
·········1·· 
.. I 

6 
0.49 
171 

5.0 .. ..... 

10.6 
533 
6.7 
66.8 

35 
13.0 
2300 ....... 
3.2 

. 

120 

(g) 3.6 
(§I) 9 

'''''',.-.".",, 

{gJ 120 

.(4) 0.1 
(1 ) 3.2 

w~j§[ 0.6 
v ~ ."."v.,~~._""~~""_",,"..I····· 

(a) 0.32 ·······H} 0.2 
"'(a) '"'' v.w n .",,,.. 

120 1.4 

0.1 ... 

0.8 
0.2 
2.1 

""W_ "'" v .".V. '''~H' V,,"V,,"'" 

0.6 

1.4 
,." ~-."".,. 

4.6 
12 

"""··c,,"""~'"''~''''"·''' 

1.5 
'~_W'A' 

1.4 

1.4
1:: 
4.4 

""'''v ,~,.,."".,~"~"_,, 

21 
0.6 

COPECs - Chemicals of Potential Ecological Concern 

ug/L - micrograrns per liter 

RME - Reasonable Maximum Exposure 

CTE- Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. vvww.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak RiElge National Laboratory. 
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Attachment 7.31 

Hazard Quotients for Surface Water COPECs in Reference Pond (Pond 1) 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


CTE 

0.24 
"""~,.."'''''.."'·''O·'~,·" 

1.1 
68 
3.5 
0.3 
4.4 
33 
0.1 

3 
306 
0.3 
0.8 

COPECs 
Metals, Dissolved 
Arsenic 

J?t3l)'lli lJll1 .... 
Cadmium 
Cii'romium
Cob·aiT··············· 

1 / 8 
0 / 8 
0 / 8 

2 
2 8 

Reasonable 
Maximum 

0.13 
5.0 

22.9 
0.60 
0.06 
4.6 ..<:::.2PP.t3r 

Lead 
"Mr"·'''·'....··,·,·_,·v~~, _..., 

2 / 8 0.75 

f\I1CiI19Clrlt:l!5t:l ..... 
Selenium 

, ""V"'W"'_"""""eW' 

Silver 
Thallium 
Zinc 

2 / 8 
0/ 8 
6is 
0/ 8

·5T8········ 

10.1 
22.5 
150 
22.5 
199 

Acute Surface 
 Chronic Surface 

Central 
 Water 
 Water 


Tendenc 
 Benchmark 
 Source 
 Benchmark 


20.8 
 340 

" ,··w"..""""·,,,",, 
 (9L. 
 87 


4.1 
 35 
 (c;) 
 3.6 

17.0 
 2 
 {Cit 

38.7 
 16 
 . (Ci) 

8.26 
 1500 
 .... {c;). 
 24 

39.2 
 13.0 
 (a) 
 9.0 


Acute HQ 


Source RME CTE 

0.060.0004(1) 
"",." 

0.1 0.1(4) 
8.511.......... 01..... 

2.40.04(1) 

,.",".'" "'« " ••••••• ""~"'''.~".-,-,-

4 0.006 
3.0(i) 

2.5 1.382.3 65 ... (Ci..t ,,,.v·v,, ",o"..,., ••.",,,,~,,,,,,,.......JJ1.. 

120 0.0049.9 2300 .(c;) (~ 

11.3 20.0 5 0.6... j~L. ......J~ ~".""~""_.~".v,,.~,,"'vow"'"_''''''''''''' 

0.32 3197.8 3.2 (1)(Ci) 
40 0.111.2 110 .@....... (c;L. '" ..ov·.·· ...·.··""· .. "...·.·".·."",, 

120 a 120 1 0.892.8 
COPECs - Chemicals of Potential Ecological Concern 

ug/L - micrograms per liter 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recornrnended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

RME 

N 
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QC'd: EK 5/15/2008 G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIPonds\ 

1 of 1 HOs H20 Invert and Amphib for Ihe Ponds.xlsPond 1 

www.epa.gov/RCRIS-region-5/ca/ESL.pdf


Attachment 7.32 

Incremental Risk for Surface Water in Pond 2 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: RAR 5/22/2008G:\ALLSHARElESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\lncremental Risk Tables\ 
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Attachment 7.33 

Hazard Quotients for Surface Water COPECs in Pond 3 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Acute Surface Chronic Surface Reasonable Central Acute HQ Chronic HQ 
COPECs . Frequency of Detection Maximum Tendency Water Benchmark Source Water Benchmark Source RME CTE RME CTE 

Metals, Dissolved (ug/L) 
Arsenic 0.301 1 100 100 340 150 0.3 0.7 0.7.(1)

,.,' ., .... ("lI
5.0 

.. 

5.0 35 3.6 0.1 1.4 1.4(<;) (4), .'" ,. 0.1l[e;:Ym~ii1 ,. 01 1 
" ." w n~ .c"••••" ••~c.~O. ~ 

01 1 6.5 6.5 2 0Cadmium (,,) 3 ~+ 26 26,(1) ...,. 3 
., ......," i 

oFf 1.3 """""i314.414.4 16 (a) 11 0.9Chromium j1J ."
~c,~o,~ .•.~.~".., .". "n_ "" , ,..Qc~ ,.""""",.,.,' "" ,~"",,,ou"~3:7'-v~o'-'~"" "'C"'3:'~f"A' n,

444 444 2300 (c) 120 (6) 0.2 0.21 f 1 .... "'." ,.~'~V~"~"~ly1~"l1gClr1f3s..~. ,., 

(1)'"(a) 0.32 14 144 14446.2 
, . 

46.2 3.2 
. 

141 1 1Silver 
COPECs - Chemicals of Potential Ecological Concem 

ug/L - micrograms per liter 

RME - Reasonable Maximum Exposure 

CT - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U,S, EPA 2006, National Recommended Water Quality Criteria: 2006, 

2. State of Vermont. 2006, Vermont Water Quality Standards, 


3, U,S, EPA 1996, ECO Update: Ecotox Thresholds, EPA 540/F-951038, January, 1996, 


4. USEPA2003, Region V Ecological Screening Levels, www,epa,gov/RCRIS-region-5Ica/ESLpdf 

5. Buchman, MF 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA, 

6. Suter, G,W, and C.L Tsao, 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision, 


ESIERITM-96IR2. Oak Ridge National Laboratory. 


a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 


b. State of Vermont. 2006. Vermont Water Quality Standards. 


c, Suter, G.W, and C.L Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ESIERITM-96IR2. Oak Ridge National Laboratory. 
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Attachment 7.34 

Incremental Risk for Surface Water from Pond 3 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs - Chemicals of Potential Ecological Concern 

• - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 
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Attachment 7.35 

Hazard Quotients for Surface Water COPECs in Pond 4 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs Frequency of Detection 
Reasonable 
Maximum 

Central 
Tendency 

Acute Surface Water 
Benchmark Source 

Chronic Surface 
Water Benchmark Source 

Acute HQ Chronic HQ 
RME CTE RME CTE 

Metals, Dissolved (ug/L) 
Arsenic 
~~rylljurn 
Q~pp~r 
.r.1.1:lflg.1:lfl.E'l<>E'l .. 
Selenium 
Silver 
Thallium 
Zinc 

01 8 
01 9 
81 10 

1·(5/·10 

I 

01 10 
01 10 
01 10 
8/10 

100 
5.0 
64.0 
212 
22.5 
109 
22.5

I 
186 

20.8 
3.6 

29.6 
98.3 ..... 

9.1 
48.6 
9,0 ..... 

89.9 

340 
35 

13.0 
I 

2300 
..... 

.... 
20.0 
3.2 
110 
120 

(a) 150 
(c) 3.6 
(a) .. 9 
(c;) 

..... 
120 . ...... 

(b) 5 
(a) 0.32 

40 

I 

•i~~ ....... ..... 

120 

{1} 
(4) 
(1) .. 
(6) 
(1) 
(1) 

mI 

0.3 
0.1 
4.9

······0:1 
·1:1 

34 
0.2 
1.5· 

0.1 
0.1 
2.3··············0:6 

········0.5········ 
15 
0.1 
a.? 

' ,-~,.. 

0.7 
1.4 
7.1 
II· ••••.: 
4.5 , 

341 
0.6········1:5· 

0.1fa ..... 
3.3

·········0:82·· 
....•................... 

1.8 
152 
0.2

···05 
COPECs - Chemicals of Potential Ecological Concern 

ugiL - micrograms per liter 

RME - Reasonable Maximum Exposure 

CT - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F.1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERITM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/E·RITM-96/R2. Oak Ridge National Laboratory. 

Created by: RAR 4/18/2008 
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Attachment 7.36 

Incremental Risk for Surface Water in Pond 4 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: RAR 5/22/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 
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. Attachment 7.37 
Hazard Quotients for Surface Water COPECs in Pond 5 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Chronic Surface 
Reasonable Central Acute Surface Water Acute HQ Chronic HQ 

COPECs Maximum Tendenc Water Benchmark Source Benchmark Source RME CTE RME CTE 

Metals, Dissolved u IL 

Arsenic 


Fre 

o 14 100 33.3 340 150 0.3 0.1 0.7 0.2(GI) .U..L .. , ....« •••••••• '",.»".,'" "q .. '''''",.,." ••""" '''''''',.. 
5.0 4.6 3.6 0.1 0.1 1.4 1.3614 35 (c)~~ryljjuril' ......(42. 

··~·44.51.9 11.1 2 0.25 1.0 5.6 7.7Cadmium 1 14 (a) (1) 
11 2.2 3.2 2.435.3 26.1 16 1.6Chromium o 14 (a) (1) 

0.Q114.3 1500 24 0.02 1.0 0.61 14 24.0 (c) .. (4) .. ..." .... ·········7452 504 14 670 446 13.0 9 34(a) 0). . _. 
29:7

~ 

,~ -~"" 

24.474.3 61.1 65 2.5 (1) 1.1 0.9o 14 (a) 
425 194 2300 120 (6) 0.2 3.5 1.64 14 (c) 0.1rvlGlnganese 

m 0.6 2.2 1.7o 14 11.0 8.4 20.0 (b) 5 0.4Selenium 
().32 "199 12863.7 41.0 3.2 20 13Silver' 0/4 (a) (1J 

"0:6' '0.3()iL!Yi1811Ium" 110 40 0.2 0.122.5 11'.1 (c) (5) 
376 318 120 120 1 3.1 2.6 3.1 2.64 14 aZinc 

COPECs - Chemicals of Potential Ecological Concern 

ug/L - micrograms per liter 

RME - Reasonable Maximum Exposure 

CT - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S, EPA, 2006. National Recommended Water Quaiity Criteria: 2006, 


2. State of Vermont. 2006, Vermont Water Quality Standards, 


3, U.S, EPA. 1996. ECO Update: Ecotox Thresholds, EPA 540/F-95/038, January, 1996. 


4, USEPA.2003. Region V Ecological Screening Levels, www,epa,gov/RCRIS-region-5/ca/ESL.pdf 


5. Buchman, M,F. 1999, Screening Quick Reference Tables, NOM HAZMAT Report 99-1, Coastal Protection Division, NOM. 


6, Suter. G.W. and C,L. Tsao, 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 


ES/ERITM-96/R2, Oak Ridge National Laboratory. 


a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 


b. State of Vermont. 2006. Vermont Water Quality Standards, 


c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ESIERITM-96/R2. Oak Ridge National Laboratory. 
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Attachment 7.38 

Incremental Risk for Surface Water from Pond 5 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

0.3 
0.1 
1.0 
2.2 
0.02 

0.2 
0.6 
20 
0.2 
3.1 

0.00004 
0.4 

0.004 
1.1 
47 
0.2 
1.7 

COPECs - Chemicals of Potential Ecological Concern 

• - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

NA - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: RAR 5/22/2008 G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 
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Attachment 7.39: Weight-of-Evidence Integration for Water Column Invertebrates 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


Assessment Endpoint 2: 

Maintain a stable and healthy water column invertebrate community 

Are the COPEC levels in the water column sufficiently high to cause biologically-significant changes or impair 
the function of the water column invertebrate community in the on-Site ponds? 

Measurement Endpoints 
2.A: Compare dissolved COPEC levels in surface water samples to acute and chronic surface water benchmarks 

Weight-of-Evidence Integration 

Pond 2 on the east branch of Ely Brook I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 
Yes/Low 2.A 

Undeterminate 
No Harm 

Pond 3 on the east branch of Ely Brook I WEIGHT OF EVIDENCE 

Low- Medium 
I 

HARM/MAGNITUDE Low Medium Medium High High 
Yes/High 

Yes/L~~~
Undeterminat 

No Harmll 

Pond 4 on the east branch of Ely Brook I WEIGHT OF EVIDENCE 

w- Medium 
ium Me High 

Yes/High 
Yes/Low 

Undeterminate 
No Harm 2.A 

I 
High 

Pond 5 on the east branch of Ely Brook I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 2.A 
Yes/Low 

Undeterminate 
No Harm 

Assessment endpoints, measurement endpoints, and assigned weights are discussed In Section 4 of the BERA 
The WOE integration for the water column invertebrate community is discussed in Section 7 of the BERA 



Attachment 7.40 

Hazard Quotients for Surface Water COPECs in Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals Dissolved u IL 
Aluminum 
~<-."~,,~,~.,~,,~¥~,~,~,,," 

Cadmium 
Chromium 

n 

.M?Q9?Q£"E':l ............. ........ ................. 
Nickel 
Silver 
Zinc 

Frequency of 
Detection 

341 34 
·33134 . 

301 35 
351 35 
351 35 
321 35 
35135 
35·r··35 
71 35 

··34734 

Reasonable 
Maximum 

18580 
5.1 
5.1 

333.9 
5530 
39994 
1034 
34.9 
0.7 
588 

Central 
Tendenc 

5964 
3.3 
4.4 
98 

2532 
9762 
562 
29.9 
2.09 ..... ····496 

Acute Surface Chronic Surface 
Water Benchmark Source Water Benchmark 

750 
2 
16 

1500 
13 
NA 

2300 
470 
3.2 
120 

... J?t ............................... 
(a) 
(?l... 
(c) 

.... (?) 

......Jc;L.. 
(?) 
J?). 

a 

Source 
Chronic HQ 

RME CTE 

69 
13 

:. +.......0.4 
4 

281
·fir···· 

4.7 
6:6 
6.5 
4.1 

ug/L - micorgrams per liter 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

NA - Not available 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/calESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERITM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006, National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision, ES/ERITM-96/R2. Oak Ridge National Laboratory. 

Created by: RAR 4/18/2008G:\ALlSHARE\ESATBIO\EIy Mine\I3ERA\COPCs· EPCs - HQs\EIy\ 
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Attachment 7.41 

Hazard Quotients for Surface Water COPECs in the Upstream Reference Section of the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals, Dissolved u IL 
Aluminum
Cadmium.".,.,........., ............ 


Chromium 
Cobalt 
~C2pp~r 
Iron 

f\11911991'lese 
Nickel 
Silver 
Zinc 
ug/L - micorgrams per liter 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

Frequency of 

Detection 


9 I 10 

o / 10 

4/ 10 

4/ 10 

8 / 10 

8 / 10 


10/ 10 

8/ 10 

2/ 10 


10 I 10 


Reasonable 

Maximum 


35.0 
10.5 
0.7 
0.14 
29.5 
30.0 
136.0 
1.9 

0.25 
77.6 

Central 

Tendenc 


15.2 
5.0 
10.6 
2.0 
7.7 
17.9 
23,6 
5.5 
5.9 
50.0 

Acute Surface 
Water Benchmark Source 

13 

NA 


2300 
 (c) 

470 
 (9t. 
3.2 (a) 

120 
 a 

Chronic Surface 

Water Benchmark 


87 

0.25 
11 

24 

9.0 


1000

····120· 

52 

0.32 

120 


1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99·1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERITM-96/R2. Oak Ridge National Laboratory. 

a. U.S: EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter. G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

Acute HQ 
Source 

.............. (1) 
.....0) 

(1) .. 
......H2 

(1) 

RME CTE 

.Q"Q§ 0.02 
5.3 2.5 

0.05 0.7 
-. '0.0601 0.001 

2.3··············· ......0:6 

0.2 
20 

0.96 
0.1 
0.9 

..... (.1.1. ....... . 
(6) 

.+.......c::.c.:~.. I Q:Q2....~. 
0.200.1 0.01 

....Jlt ..... . 
.. (1J 

1 

0.004 0.01 
'~·"·~~"·~·'(r:·1~~ "'''''''' "'··~"·~~~~1~~9"·V"' 

0.6 0.4 

0.1 

0.4 
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Attachment 7.42 

Incremental Risk for Surface Water in the Main Stem of Ely Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site Vershire, VT 


COPEC 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: RAR 5/22/2008 
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Attachment 7.43 

Hazard Quotients for Surface Water COPECs in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Frequency of 

Detection 
Reasonable 
Maximum 

Central 
Tendency 

Acute Surface 
Water Benchmark Source 

Chronic Surface 
Water Benchmark Source 

Acute HQ Chronic HQ 
RME CTE RME CTE 

Metals, Dissolved (ug/L) 
Aluminum 36/ 36Barium .. ....... ......... 

36/ 36 
Cadmium 24/ 44 
g()pe~r ..... 9/ 44 ........ 

Zinc 35/ 37 

1 

..... 
1 

..... 

I·· 

97.3 . .... 

87.2 
0.23 
112 
69.9 

87.8 
37.9 
0.58 
74 
41 

.. 

.... 

750 
110 

2 
13 

120 

(a) .......... 
(c) 

(a} ....... 

~:} 

87 
220 
0.25 
9.0 
120 

....... 

(1) 
(~). 
0)
(1 )
(1)'" 

0.1 
0.8 
0.1 
8.6 
0.6 

0.1 
0.3 
0.3 
5.7 
0.3 

1.1 
0.4 

"~.". '".~ _ __'W__'~ 

0.9 
'""'''", 

12.5 
,·»mm.m,_<»»,__~,>_,"", 

0.6 

1.0 
0.2 

",. 

2.3 
"'~8:3 

0.3 
ug/L - micrograms per ilter 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotienf 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540IF-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5Ica/ESLpdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99~1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERITM-96/R2. Oak Ridge National Laboratory. 

Created by: RAR 4/18/2008G:lAllSHARE\ESATBIO\Ely Mine\BERA\COPCs· EPCs· HQs\School House Brook\ 
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Attachment 7.44 

Hazard Quotients for Surface Water COPECs in Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Frequency of 

Detection 
Reasonable 
Maximum 

Central 
Tendency 

Acute Surface 
Water Benchmark Source 

Chronic Surface 
Water Benchmark Source 

Acute HQ Chronic HQ 
RME CTE RME CTE 

Metals, Dissolved (ugIL) 
Aluminum 11 / 13 75.5 21.7 750 87 

""'" 

13~~riumw' 13 / 13 159 55.5 110 220 
Cadmium I 0 / 16 
<:::gpFl~r .. ,'" 7 / 16 

, 
7.8 
1.2 ..,',." 

+ 4.7 
'" 

2 
13 

"

" 

, 
0.25 
9.0 

Zinc 12/ 13 86.7 32.4 120 120 
ug/L - micrograms per liter 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

COPECs - Chemicals of Potential Ecological Concern 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

Created by: RAR 4/18/2008 
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Attachment 7.45 

Incremental Risk for Surface Water in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference location. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF- Reference 

Created by: RAR 5/22/2008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 
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Attachment 7.46 

Hazard Quotients for Surface Water COPECs in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of 
COPECs Detection 

Metals, Dissolved (ug/Ll 

Reasonable 
Maximum 

Central 
Tendency 

Aluminum 26 I 29 47.5 39.1 
Barium 29 I 29+~ ·····2~82 68.7 
g9~e~r~28T2'9 28.6····· .. 14.1 
Lead 8 I 29 ....... ···SSS 1 .... 20.4 

IIi1Clf1gClf1~!>~ .. .29729 ...j.. 40.9 18.1 
Silver 4 I 29 0.43 3.1 
Zinc 29i29 .............. 4731 809 

Acute Surface 
Water Benchmark Source 

750 
110 
13 
65 

2300 
3.2 

,. , ." ..~ ..-""",-"" . 
120 

Chronic Surface 
Water Benchmark 

·····1· 
87 

220 

120
···1····· 

·1 
0:32 
120 

Source 

(1) 

tt} 
(1) 
(6) 
(1) 
(1 ) 

Acute HQ 
RME CTE 

Chronic HQ 
RME CTE 

0.4 
0.3 
1.6 
8.2 
0.2 
9.7 
6.7 

ug/L - micorgrams per liter 

EBOR - East Branch of the Opompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox Thresholds. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 

ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERITM-96/R2. Oak Ridge National Laboratory. 

Created by: RAR 4/18/2008G:\ALLSHAREIESATBIOlEly MinelBERAICOPCs - EPCs· HQsIOmpom Riverl 
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Attachment 7.47 

Hazard Quotients for Surface Water Column COPECs in the Upstream Reference Section of the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Frequency of 

Detection 
Reasonable 
Maximum 

Central 
Tendency 

Acute Surface 
Water Benchmark Source 

Chronic Surface 
Water Benchmark Source 

Acute HQ Chronic HQ 
RME CTE RME CTE 

Metals, Dissolved (ug/L) 
Aluminum ......... I
Barium .... 

9()PPElr . 
Lead 

~~ "",.,,, 

1\!19ngC'lrJesEl 
Silver ........• 

Zinc 

10 I 10 
10 I 10 
2 / 10 

I' 
1 / 10 

I· 10110' 
.... 

4 / 10 
10110 

47.1 
180 
0.96 
0.09 
15.0 
0.08 .. 

54.6 

15.3 
62.6 
4.2 

I 
24.3 
10.3 
0.54 
23 

750 .... 

110 
13 
65 ... 

2300 
3.2 
120 

(a).... . 
(c) 
(a) 

(aL....... 
(C) .... 
(a)
(a) .... 

87 .. (1)...... ,."~ , ......... 
220 (4) 
9.0 

0.1 .... 
1.6 
0.1(1) 

2.5 (1} 
... 

0.001.•.... .......... I" , .......,' ..·· .. 0:00'7120 ..J?).
0.32 
120 

...... (1) .... 0.03 
I (1)············ .. . .... 

0.5 

0.02 
""~,~, ,.. ,~ 

0.6 
0.3 ......." 

0.4......................... ,."~, ·· 0.004 . '" 

0.2 
c' ...•..•••. 

0.2 

0.5 
.m", "" ~ 

0.8 .... 
0.1 

0.04 .... 0:"1·· ....·· 
--.. -'--'~"~"-' 

0.3 
0.5 

0.2 
0.3 ..... 

0.5

••• :II ...•.•••• 
0.09 
1.7 
0.2 

uglL - micrograms per liter 

EBOR - East Branch of the Opompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

2. State of Vermont. 2006. Vermont Water Quality Standards. 

3. U.S. EPA. 1996. ECO Update: Ecotox ThresholdS. EPA 540/F-95/038. January, 1996. 

4. USEPA.2003. Region V Ecological Screening Levels. www.epa.gov/RCRIS-region-5/ca/ESL.pdf 

5. Buchman, M.F. 1999. Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Coastal Protection Division, NOAA. 

6. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. 
ES/ERlTM-96/R2. Oak Ridge National Laboratory. 

a. U.S. EPA. 2006. National Recommended Water Quality Criteria: 2006. 

b. State of Vermont. 2006. Vermont Water Quality Standards. 

c. Suter, G.W. and C.L. Tsao. 1996. Toxicological benchmarks for screening potential contaminants of concern for effects on aquatic biota: 1996 revision. ES/ERlTM-96/R2. Oak Ridge National Laboratory. 
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Attachment 7.48 

Incremental Risk for Surface Water in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 

Created by: RAR 5/22/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 
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Attachment 7.49 

Hazard Quotients for Brook Trout COPECs in School House Brook 


Baseline Ecological Risk Assessment 

Ely Cooper Mine Superfund Site, Vershire, VT 


Aluminium 
Barium 

E?~'YlliLlrn ..... 
Cadmium 
. ""'-~'" " ..",,~. ,,,,,...~. "". " 

Chromium 
Cobalt 

NJ"~''''''V·W·V''''·'''~·'_~·O 

ggI?P~! .. 
Iron 
Lead 

..~§l1g§r1~.s,~. 

.~~E2L1ry ..... . 
Iy1gIY~~~l1um 
Selenium 
',·w""~"""om""""v,"",,w·,,,·_'" 

Thallium 
Vanadium 
Zinc 

Frequency of Reasonable 

Detection Maximum 


12.4 12.4 4.2 
0.30 0.30 

W"'""."',",, 

0.005 0.005 NA 
0.02 0.02 0.10 
0.30 0.30 0.58 
0.10 0.10 NA 

_ ' __ """m"··~"J»H ~,,,~,, 

7.9 7.9 NA 
46.9 46.9 NA 
0.02 0.02 3.8 
2.9 2.9 NA 

0.003 0.003 NA 
0.15 0.15 NA 
0.30 0.30 0.37 
0.015 0.015 NA 

'" • V" ~""~_o,,,,. 

0.020.1 10 
18.8 18.8 16.4 

13.5 

"'_''''',v' 

NA 
0.29 
NA 
NA 
2.4 
NA 
4.0 
NA 

0.73 
NA 

0.76 
NA 

0.41 
NA 

0.01 

0.8 

3.0 

0.2 
0.5 

0.01 

0.8 

5.0 
1.1 

0.9 0.9 
"''''~'''~~''~V~'''''''V'''W'''''''' 

0.1 0.1 

",.,,,~ '~r"'''''''V'' 

3.3 3.3 

0.01 0.01 
"W"'''~V~W'''"~~''~__"". 

V'''~""w.v~""~,,,,,,,,· • 

0.004 0.004 

0.4 0.4 

mg/kg. wwt - milligrams per kilogram. wet weight 

CBR - Critical Body Residue (mg/kg. wwt) 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

NA - Not available 
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Attachment 7.50 

Hazard Quotients for Brook Trout in the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


,~~9~ry, "" 
ty1~}'~cl~rll:lrl1.,. '.. 
Selenium 

,~"v"_"u,,,,~"~Av,"''''·'V'_ 

Thallium 
Vanadium 
Zinc 

Frequency of 
Detection 

Reasonable 
Maximum 

4.8 6.9 4.2 13.5 
0.366 0.48 NA NA 
0.005 0.01 NA NA 
0.046 0.08 0.10 . 0.29 0.5 0.8 
0.44 0.60 0.58 NA 0.8 1.0 
0.046 0.06 NA NA 
1.64 1.9 NA 2.4 
32.9 36.0 NA NA 
0.03 0.06 3.80 4 
3.1 3.7 NA NA 

0.0082 0.01 NA 0.73 
0.15 0.15 NA NA 
0.50 0.60 0.37 0.76 1.4 

o,,,,,.,'.~'Nm'_'wwo,,>uw 

0.02 0.02 NA NA 
0.12 0.20 0.02 0.41 6 10.0 
21.5 23.2 16.4 NA 1.3 1.4 

0.4 0.5 

0.2 0.3 

0.7 0.8 

0.01 0.02 

0.01 0.01 

0.7 0.8 

"''"'"''''''''''''''''''~''''''' 

0.3 0.5 

mglkg, wvvt - milligrams per kilogram, wet weight 

CBR - Critical Body Residue (mg/kg, wvvt) 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

NA - Not available 

Created by: RAR 4/18/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsIFishl 
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Attachment 7.51 

Incremental Risk for Brook Trout in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


m 

3.0 

0.2 
0.5 

0.01 

0.8 

0.2 
0.5 

0.01 

0.8 

1.1 

0.5 
0.8 

0.01 

1.4 

6 
1.3 

COPEC - Chemical of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

-- - A hazard quotient could not be calculated because no Critical Body Residue value was available. 

REF - Reference 
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Attachment 7.52 

Hazard Quotients for Blacknose Dace COPECs in School House Brook 


Baseline Ecological Risk Assessment 

Ely Cooper Mine Superfund Site, Vershire, VT 


Frequency of Reasonable 
Detection Maximum 

Aluminium 4.2 13.5 2.7 
~~,~,,, v",,~,~~<·~,·o,~,~~~~~ ~"" ' ••'" 

5 9 0.1 
Barium 
~~!ifl1gr1}, .. 

NA NA 
NA NAt=3<=:tylll.~fl1~ ............ 


Cadmium 0.1 0.29 0.7 
~'v "._."~,o"",,.,,~_,o,,~._w 

Chromium 0.58 NA 0.9 0.7 
obalt NA NA 

NA 2.4 2.5 1.79gpPE:lr 

11.5 4.8 
0.13 
2.0 

0.01 
0.04 
0.39 

0.40 
2.3 

0.005 
0.07 
0.50 
0.11 
5.9 

44.7 
1.2 
4.2 

0.05 
4.15 
33.2 
0.16 
3.7 

0.014 
0.15 
0.1 
0.43 

0.021 
0.15 
0.2 
0.5 
0.02 
0.10 
40.9 

0.02 
0.10 
36.1 

Iron NA NA 
Lead 3.8 4.0 

NA NA.~3'lr1~<:in<=:~.<=: 
NA 0.73..~.E:l.~C2~.rY........ 

NA NA~~!y.b,9.f:!~lJfl1 ... 

ickel 0.82 NA 0.2 
Selenium 0.37 0.76 1.4 
Thallium NA NA 
Vanadium 0.02 0.41 5.0 
., ·,·,~··~,,,_o,",,,_~·,~,,.,,· , .. " 

Zinc 16.4 NA 2.5 
mg/kg, WNt - milligrams per kilogram, wet weight 

CBR - Critical Body Residue (mg/kg, WNt) 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

1.1 0.9 0.4 
"~,,,,~,, ...•~~.,.,,,,~.,,.,,,,,~.".~""~"""~",,,,,. ,v ~"""""'''''''«''''''''""·",,,m,·.,,,· 

0.03 
"" 

0.04 0.01 

0.4 0.2 0.1 

W' """",,,,,,,,,.,o.,,.,,,.w,>,,w.,.~ ~", 

0.3 0.04 

0.02 

0.2 
1.1 0.7 0.6 

0.2 0.25.0 
2.2 
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Attachment 7.53 

Hazard Quotients for Blacknose Dace COPECs in the Upstream Reference Section of School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Aluminium 

~I1Jif!l()IlY ... 
Barium 

~~rylliLJf!l .... 
Cadmium 
Chromium 

'''~.,~ .~_n,,,.. """,.,~..._ 

Cobalt 

g()pp~r .. 
Iron 
Lead 

~§l:lgClI1~~~ .. 
~~EC:LJry ..... 
~<:lIY~~cl~I:lLJI!1 .. 

I 

Frequency of 
Detection 

Reasonable Central 
Maximum Tendenc 

26.5 20.7 
0.05 0.05 
1.1 1.1 

0.005 0.005 
0.06 0.06 
0.50 0.50 
0.04 0.035 
1.0 0.95 

60.5 52.80 
0.05 0.1 
6.1 5.71 

0.02 0.0 
0.15 0.15 
0.20 0.20 
0.70 0.70 
0.02 0.02 
0.20 0.2 
33.9 31.8 

No Effect 
CBR 

4.2 
5.0 
NA 
NA 
0.1 

0.58 
NA 
NA 

"'Nec'"'' ~ 

NA 

0.82 
0.37 
NA 

0.02 
16.4 

'''/ 

Effect 
CBR 

13.5 
9.0 
NA 
NA 

0.29 
NA 
NA 
2.4 

__ .,.,,,"··v,,,·w·,,~w,,·,, 

NA 
4.0 
NA 

0.73 
•• "0'" .,,,~, •• , __ "'h""" 

NA 
NA 

0.76 
NA 

"."""."~,.".,.~....,-...,.,,. 
0.41 
NA 

No Effect HQ 
RME CTE 

6.3 4.9 
0.0,.1;w_I!0.01 

0.6 
0.9 

0.01 

0.2 
1.9 

10 
2.1 

0.6 
0.9 

0.01 

0.2 
1.9 

10 
1.9 

Effect HQ 
RME CTE 

2.0 
0.01 

0.2 

1.5 
0.01 

0.4 0.4 

0.02 0.02 

0.9 0.9 

0.5 0.5 

mglkg, wwt - milligrams per kilogram, wet weight 

CBR - Critical Body Residue (mg/kg, wwt) 

COPECs - Chemicals of Potential Ecological Concern 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

NA - Not available 
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Attachment 7.54 

Incremental Risk for Blacknose Dace in School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 

5.0 
2.5 

5.0 
2.2 

0.5 

COPEC - Chemical of Potential Ecological Concem 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

-- - A hazard quotietn could not be calculated because no Critical Body Residue value was available. 
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Attachment 7.55 

Hazard Quotients for Brook Trout COPECs in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 

Frequency of Reasonable 

Detection Maximum 


Barium 
,,,,,,~M~""'~'"'''' ~ 

Beryllium 
""~"""""""""""" 

g(?pe~E 
Iron 
Lead 
• • , ,,,·"VC'o_,,·",o'o~~' .~ 

"~§l~9§lf"l1:l"~.~" 
~~rglJry " 
~911~c:ll:llJlJm 
Nickel 
Selenium 
N~"''''C'''''''' w"'.....,,~_'" 

Thallium 
Vanadium 

Metals 
2/ 2 

0.30 
0.06 
1.3 

24.6 
0.01 
3.1 

0.006 
0.15 
0.10 
0.30 
0.02 
0.10 
18.2 17.4 16.4 

mglkg wwt - milligrams per kilogram, wet weight 

EBOR - East Branch of the Ompompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

CBR - Critical Body Residue 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

2.3 
0.48 
0.005 
0.02 
0.23 
0.04 
1.1 

22.8 
0.008 

2.6 
0.006 
0.15 
0.08 
0.30 
0.02 
0.10 

2.4 
NA 

3.8 4.0 
""'" W~~_·"·>,,,,·,,· . 

NA NA 
NA 0.73 
NA NA 

._~"',,"""v""'n ".,' m " '_·'n·'_·_,·v.·"'''''~''··''V 

0.82 NA 
0.37 0.76 
NA NA 

0.02 0.41 
NA 

5.0 

0.2 
0.4 

0.003 0.002 

0.1 0.1 
0.8 

5.0 
1.1 .1 

0.3 0.2 

0.1 0.1 
~·"·o"·,,.".,..,,··,,·,,·_,,.,,·,·w·"· .,'" 

V''''" "'"'''N''''''''~>''' "" 'O·"'''·'''·~·'~~·''''''·''_'''",r 

0.5 0.4 

0.003 0.002 

0.01 0.01 

0.4 0.4 

0.2 0.2 
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Attachment 7.56 

Incremental Risk for Brook Trout in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


NA 
NA 
NA 

5.0 
1.1 

Note: No Brook Trout were collected from the reference portion of the Ompompanoosuc River. 

EBOR - East Branch of the Opompanoosuc River 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

-- - A hazard quotient could not be calculated because no Critical Body Residue value was available. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

NA - Not available 

0.2 	 NA 
NA 
NA 

0.1 	 NA 
NA 
NA 

0.4 	 NA 
NA 

0.002 NA 

0.8 0.5 

0.3 0.2 
0.5 0.4 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA ...- ......".,."~~,,. 

NA 
0.01 NA 

NA 

NA 


0.2 
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Attachment 7.57 

Hazard Quotients for Blacknose Dace COPECs in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Aluminum 
Barium 

.1?~ry-II.i~l!l. 
Cadmium 
Chromium 
Cobalt 
g()pp~r 
Iron 
Lead 

.~~IlQ~.Il~.~.~ 
~~~g~~y 
~().ly~9~num 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 

Frequency of 
Detection 

Reasonable 
Maximum 

16.8 8.72 4.2 13.5 
2.4 2.1 NA NA 

0.005 0.01 NA NA 
0.07 0.05 0.10 0.29 
0.30 0.28 0.58 NA 
0.09 0.08 NA NA 
3.5 2.4 NA 2.4 

50.8 35.5 NA NA 
0.04 0.03 3.8 4.0 
6.4 5.3 NA NA 

0.02 0.02 NA 0.73 
0.15 0.15 NA NA 
0.20 0.17 0.82 NA 
0.50 0.38 0.37 0.76 
0.02 0.02 NA NA 
0.10 0.10 0.02 0.41 
41.6 39.0 16.4 NA 

0.01 0.01 

0.2 0.2 
1.4 1.0 

5.0 5.0 
2.5 2.4 

0.01 0.01 

0.03 0.02 

0.2 

0.5 

0.2 

mglkg, WNt =Milligrams per kilogram, wet weight 

EBOR - East Branch of the Ompompanoosuc River 

COPECs - Chemicals of Potential Ecological Conem 

CBR - Critical Body Residue 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

Created by: EK 3/5/2008 
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Attachment 7.58 

Hazard Quotients for Blacknose Dace COPECs in the Reference 'Section of the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


Frequency of 
Detection Reasonable Maximum Central Tendenc No Effect C 

Aluminium 
Barium 
~"k'~~~,.~", ,,< ".~ _ ~""_" o_."ww_v ." 

1?_~l}'lli':l.f!1 w • 

Cadmium 
hromium 

Cobalt 

9()PPElr 
Iron 
Lead 

!I.1.9n.99n~~El . 
!I.1Elr~':l1}' . 
!I.1£11'.~9ElI].':lJ:!1......... 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 

8.9 
2.3 

0.005 
0.04 
0.40 

<'_ "'C<""'~,,_'_"""'_ 

0.02 
2,1 

33.5 
0.03 
5.5 

0.03 
0.15 
0.20 
0.40 
0.02 
0.10 
42.5 

6.4 4.2 
,.,.........~ ••••• wu """"''''''~~'~O~O'' ~~ "·o.''''~' 

NA 
.~ ••••,," '''". _.«_>v """"'~'_'A'__ 

0.01 NA 
0.03 0.1 
0.33 0.58 

v'v. '0'" 

0.02 NA 
1.2 NA 

30.9 NA 
0.03 3.8 

NA 
0.02 NA 
0.15 NA 
0.20 0.82 

"6~~Wj' 0.37 
0.02 NA 
0.10 0.02 
39.0 16.4 

13.5 2.1 
,"v·v•._~·.~ 

NA 
., '···«~~'_<;'_'·~O"·"_~·'''>''· 

NA 
0.29 0.4 
NA 0.7 
NA 
2.4 
NA 
4 0.01 

NA 
.,_,~"' ""_'_"_~"_"""W" .,,' 

0.73 
«« ~'w ,,~_ mo"u. ,,~W 

NA 
NA 

0.76 
.,,,"."•. "","w'_''''_''''''''_'''''-'' 

NA 
0.41 5.0 
NA 2.6 

1.5 0.7 0.5 

0.3 0.1 0.1 
""_""""A""V"'''''''' 

0.6 

0.01 

5.0 
2.4 

0.01 0.01 

0.04 0.03 

0.2 0.2 

mglkg, wwt = Milligrams per kilogram, wet weight 

COPECs - Chemicals of Potential Ecological Conern 

EBOR - East Branch of the Ompompanoosuc River 

CBR - Critical Body Residue 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: Ek 3/5/2008G:\ALLSHARElESATBIOIEly MinelBERAICOPCs - EPCs - HOsIFishl 

HOs for Ompom Fish.xlsRef-BND 1 of 1 QC'd by: RAR 5/15/2008 



Attachment 7.59 

Incremental Risk for Blacknose Dace in the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 

5.0 
2.5 

5.0 
2.4 

5.0 
2.6 

COPECs - Chemicals of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

-- - A hazard quotient could not be calculated because no Critical Body Residue value was available. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 
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Attachment 7.60: Weight-of-Evidence Integration for Fish 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


Assessment Endpoint 3: 

Maintain a stable and healthy fish community 

Are the COPEC levels in surface water sufficiently high to cause biologically-significant changes or impair the 

function of the fish community in the three streams affected by Ely Mine? 


Weight-of-Evidence Integration 

Measurement Endpoints 
3.A: Compare dissolved COPEC levels in surface water samples to acute and chronic surface water benchmarks 

3.B: Survival and growth in juvenile fathead minnows (P. promelas) 
3.C: Compare COPEC levels measured in whole fish to no effect and effect CBRs 
3.D: Evaluate the structure and function of the fish community in the field 

I 

I 

I 

The main stem ofEly Brook I WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 3.A 3.B 
Yes/Low 

Undeterminate 
No Harm 

Schoolhouse Brook I WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 3.A 3.B 3.0 
Yes/Low 3.C 

Undeterminate 
No Harm 

TheEBOR I WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 3.A 
Yes/Low 

Undeterminate 
No Harm 3.C 3.0 

Assessment endpoints, measurement endpoints, and assigned weights are discussed in Section 4 of the SERA 
The WOE integration for the fish community is discussed in Section 7 of the SERA 



Attachment 7.61: Weight·of.Evidence Integration for Amphibians 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


Assessment Endpoint 4: 

Maintain stable and healthy amphibian populations 

Are the COPEC levels in the water column sufficiently high to cause biologically-significant changes or impair 
the function of the amphibian populations at the on-Site ponds? 

Measurement End oints 
4.A: Compare the dissolved COPEC levels in surface water samples to acute and chronic surface water 
benchmarks 
4.B: Survival and growth in juvenile tathead minnows (P. promelas) 

4.C: Evaluate hatching and survival otwood trog eggs and tadpoles exposed to the ponds in the field 

I 

I 

Weight-ot-Evidence Integration 

Pond 2 on the east branch of Ely Brook I WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 
Yes/Low 

Undeterminate 
No Harm 

4.A 

Pond 3 on the east branch of Ely Brook I WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 
Yes/Lo'll 4.A 

Undeterminate 
No Harm 

Pond 4 on the east branch of Ely Brook II WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 4.B 4.C 
Yes/Low 

Undeterminate 
No Harm 4.A 

Pond 5 on the east branch of Ely Brook I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 4.A 4.B 4.C 
Yes/Low 

Undeterminate 
No Harm 

Assessment endpoints, measurement endpoints, and assigned weights are discussed in Section 4 of the SERA 
The WOE integration for the amphibian populations is discussed in Section 7 of the SERA 



Attachment 7.62 

Hazard Quotients for Tree Swallow COPECs at School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 

RME Scenario CTE Scenario 

Total EOO1 

(mg/kg bw-day) 
TRV 

NOAEL 
TRV 

LOAEL 
No Effect 

HQ 
Effect 

HQ 
Total E001 

(mg/kg bw-day) 
TRV 

NOAEL 
TRV 

LOAEL 
No Effect' 

HQ 
Effect 

HQ 

Metals 

Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 
A _ The regression equation used to calculate the cadmium BSAF produced a negative value and therefore a negative EDD. 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EDD - Estimated Daily Dose 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
TRV - Toxicity Reference Value 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
-- - A hazard quotient could not be calculated because no TRV was available. 
1 - Total EDD is calculated in Attachment 5.48 

Created by: RAR 5/5/2008G:\ALLSHAREIESATBIO\Ely MinelBERAIFood Chain ModelinglSchool Housel 

School-Tree SwaUow.xlsRME-CT HQ 1 of 1 QC'd by: EK 5/12/2008 



Attachment 7.63 

Hazard Quotients for Tree Swallow COPECs in the 


Upstream Reference Section of School House Brook 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals 

RME Scenario CTE Scenario 

Total EOO1 TRV TRV No Effect Effect Total E001 TRV TRV 
(mg/kg bw-day) NOAEL LOAEL HQ HQ (mg/kg bw-day) NOAEL LOAEL 

No Effect 
HQ 

Effect 
HQ 

2.3 0.5 
·""=··"''''~''·A.WAA· '~"·J'A""W'~"'.",,,~,,, 

3.0 0.3 
Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 

mglkg bw-day - milligrams per kilogram of body weight per day 

COPECs - Chemicals of Potential Ecological Concern 

EDD - Estimated Daily Dose 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

TRV - Toxicity Reference Value 

NOAEL - No Observable Adverse Effect Level 


LOAEL - Lowest Observable Adverse Effect Level 

-- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.49 


Created by: RAR 5/6/2008G:IALLSHARE\ESATBIO\Ely Mine\BERA\Food Chain Modeling\School House\ 
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Attachment 7.64
 
Incremental Risk for Tree Swallows at School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT
 

COPEC 

No Effect Scenario Effect Scenario 
Hazard Quotient Incremental Risk* Hazard Quotient Incremental Risk* 

Site-RME Site-CTE REF-RME REF-CTE RME CTE Site-RME Site-CTE REF-RME REF-CTE RME CTE 
Metals 
Aluminum -- -- -- -- -- -- -- -- -- -- -- --
Antimony -- -- -- -- -- -- -- -- -- -- -- --
Arsenic 0.1 0.1 0.1 0.1 <1 <1 0.0 0.02 0.03 0.0 <1 <1 
Barium 0.9 0.5 1.2 0.5 <1 <1 0.4 0.3 0.6 0.3 <1 <1 
Beryllium -- -- -- -- -- -- -- -- -- -- -- --
Cadmium^ 0.0 0.0 0.4 0.0 <1 <1 -0.001 0.00 0.04 0.00 <1 <1 
Chromium 0.7 0.6 1.5 0.6 <1 <1 0.3 0.3 0.7 0.3 <1 <1 
Cobalt 20 6.5 1.6 1.2 18 5.3 4.0 1.3 0.3 0.2 3.6 1.1 
Copper 20 12.4 0.6 0.4 20 12 11 6.6 0.3 0.2 11 6.4 
Iron -- -- -- -- -- -- -- -- -- -- -- --
Lead 0.2 0.1 0.1 0.0 <1 <1 0.04 0.01 0.02 0.0 <1 <1 
Manganese 0.6 0.4 0.6 0.4 <1 <1 0.1 0.1 0.11 0.1 <1 <1 
Mercury 0.1 0.1 0 0 <1 <1 0.1 0.1 0 0 <1 <1 
Molybdenum 0.7 0.4 0.1 0.2 <1 <1 0.1 0.1 0.02 0.03 <1 <1 
Nickel 0.7 0.4 0.6 0.4 <1 <1 0.5 0.3 0.5 0.3 <1 <1 
Selenium 7.8 5.6 0.1 0.5 7.7 5.1 3.9 2.8 0.05 0.3 3.9 2.5 
Silver 0.0 0.01 0.01 0.0 <1 <1 0.004 0.00 0.003 0.01 <1 <1 
Strontium -- -- -- -- -- -- -- -- -- -- -- --
Vanadium 5.5 2.8 4.3 2.3 1.2 <1 1.1 0.6 0.9 0.5 <1 <1 
Zinc 6.7 6.0 4.2 3.0 2.5 3.0 0.7 0.7 0.5 0.3 <1 <1 
COPEC - Chemical of Potential Ecological Concern 
* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
REF - Reference 

Created by: RAR 5/30/2008G:\ESATBIO\Ely Mine\BERA\COPCs - EPCs - HQs\Incremental Risk Tables\
 
School House wildlife receptors.xlstree swallow 1 of 1 QC'd by: EK 8/7/2008
 



Attachment 7.65 

Hazard Quotients for Tree Swallow COPECs at the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


.RME Scenario CTE Scenario 

COPECs 
Metals 
Aluminum 

't.niiQ,2.QY 
Arsenic 

1y1.~!:l9§lD~~~ 
.1y1~r,9lJ.!y. 

...•....•. 

1y19Jy!>9~Q':lr,Q.. ... 
Nickel 
"··".o",~"·,,,, ,,"«,,'" 

Selenium 
".~",,,.,,,,~,,,,,.,,.,, .. 

Silver 

Total E001 
(mg/kg bW-day) 

TRV 
NOAEL 

TRV 
LOAEL 

No Effect 
HQ 

Total E001 
Effect HQ (mg/kg bw-day) 

1.38E+03 
1.33E+00 

c ,." • w"."",~.~~~~,,~~,,~," '" 

I 6.01E-01 

TRV 
NOAEL 

5.5 
208 

TRV 
LOAEL 

No Effect 
HQ 

2~o······· 

4.5 

Effect 
HQ 

0.4 
~,,,~,~·,~~,",,,"''''_'''V'''~V'''' 

0.5 
Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 
mg/kg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EBOR - East Branch of the Ompompanoosuc River 
EDD - Estimated Daily Dose 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
TRV - Toxicity Reference Value 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
HQ - Hazard Quotient 
-- - A hazard quotient could not be calculated because no TRV was available. 
1 Total EDD is calculated in Attachment 5.50 

G:IALLSHAREIESATBIO\Ely MinelBERAIFood Chain ModelinglOmpoml 

Ompom-Tree Swaliow.xlsRME-CTE HQ 1 of 1 
Created by: RAR 5/5/2008 

QC'd by: EK 5/1ZfZ008 



Attachment 7.66 

Hazard Quotients for Tree Swallow COPECs at the Upstream Reference Section of the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 

RME Scenario CTE Scenario 
Total EDD 

(mg/kg bw-day) 
TRV TRV 

NOAEL LOAEL 
No Effect 

HQ 
Effect 

HQ 
Total EDD 

(mg/kg bw-day) 
TRV TRV 

NOAEL LOAEL 
No Effect 

HQ Effect HQ 
Metals 

Barium 
1:?~!yllil:l'!1 
Cadmium 

Selenium 
~,···~·"",,"w"'''v·,,''_'''· 

Silver 
Strontium 
Thallium 
Vanadium 
Zinc 

9.07E-02 
3.56E+02 
2.24E+01 

.. 

..... . ... . ......... 

V""" .................. . .......... ...•. 
5.5 ........... . ..... 
208 416 ... I· ... ... 

0.1 
1.5 

...... ... .....•...... 
004 0.04
1.0 .... 0.5 ........ 

... ................ . ........... 
1.0 0.2 ......... 
0.2 0.1 

7049E+01 ....... ......... ....... 11.38 56.9 ....... 6.6 
.~'.A·""."V.v .• , '''''~''''W • ,.,'w","'....A" .•.. W ".v.".""'•• '''•. '''v.,,~''''.~ 0"'" ",~ ,~""""w •."'''~''''v".•,~~v"v._,, , 

4.99E+01 14.5 131 3.4 

9.88E+02 

Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 
mg/kg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EDD - Estimated Daily Dose 
EBOR - East Branch of the Ompompanoosuc River 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
TRV - Toxicity Reference Value 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
-- - A hazard quotient could not be calculated because no TRV was available. 
1 - Total EDD is calculated in Attachment 5.51 

Created by: RAR 5/5/2008G:\ALLSHAREIESATBIOIEly MinelBERAIFood Chain ModelinglOmpoml 

Ompom-Tree Swaliow-REF.xlsRME-CTE HQ 1 of 1 QC'd by: EK 5/12f2008 



Attachment 7.67 

Incremental Risk for the Tree Swallows at the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


5.1 

0.1 
0.4 
0.1 
0.3 0.3 
0.6 0.4 
0.7 2.7 
0.01 0.0 

10 2.0 
6.1 4.5 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

-- - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

Created by: RAR 5/28/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 
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Attachment 7.68: Weight-of-Evidence Integration for Insectivorous Birds 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


Assessment Endpoint 5: 
Maintain stable and healthy insectivorous bird populations 
Are the COPEC levels in surface water and biota sufficiently high to cause biologically-significant changes or 
impair the function of the insectivorous bird populations foraging in the vicinity of Schoolhouse Brook and the 
EBOR? 

ent Endpoint 
5.A: Use sediment analytical data to estimate the body residues of COPECs in winged aql!atic insects; use food 
chain modeling to calculate daily doses from the ingestion of surface water and winged aquatic insects, and 
compare these values to TRVs. 

Weight-of-Evidence Integration 

Schoolhouse Brook WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High = Yes/Low 5.A 

Undeterminate 
No Harm 

TheEBOR WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 
Yes/Low 5.A 

Undeterminate 
No Harm 

Assessment endpoints, measurement endpoints, and assigned weights are discussed in Section 4 of the SERA 
The WOE integration for the insectivorous bird populations is discussed in Section 7 of the SERA 



Attachment 7.69 

Hazard Quotients for Eastern Small-footed Bat COPECs at School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


RME Scenario CTE Scenario 
Total EDD TRV TRV No Effect Total EDDI TRV TRV No Effect 

COPECs (mg/kg bw-day) NOAEL LOAEL HQ Effect HQ (mg/kg bw-day) NOAEL LOAEL HQ Effect HQ 
Metals 
Aluminum 1.03E+03 .+ 

66.5 0.03 
0.03 

0.3 ....... 
0.1 

-0.001 

Selenium 
Silver 
,.«•••",," .•, .•••~.~~". 

Strontium 
'm',," '~""~'~""·'~'"'··''''·'_.'''n''' 

Thallium 
Vanadium 
Zinc 4.76E+01 
Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 

" - The regression equation used to calculate the cadmium BSAF produced a negative value and therefore a negative EDD. 
mg/kg bw-day - milligrams per kilogram of body weigh.! per day 
COPECs - Chemicals of Potential Ecological Concern 
EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
HQ - Hazard Quotient 
TRV - Toxicity Reference Value 
-- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.52 

Created by: RAR 5/12/2008G:\ALLSHARE\ESATBIOIEly MinelBERAIFood Chain ModelinglSchool Housel 
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Attachment 7.70 

Hazard Quotients for Eastern Small-footed Bat COPECs at the Reference Section of School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


RME Scenario CTE Scenario 
Total EDD TRV TRV No EffectTotal EDDl TRV TRV No Effect Effect 

(mg/kg bw-day) NOAEL LOAEL HQ Effect HQCOPECs (mg/kg bw-day) NOAEL LOAEL HQ HQ 
Metals 

Zinc 2.97E+01 
Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of School House Brook. 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
EDD - Estimated Daily Dose 
TRV - Toxicity Reference Values 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 

HQ - Hazard Quotient 
-- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.53 

Created by: RAR 5/13/2008G:IALLSHAREIESATBIOIEly MinelBERAIFood Chain ModelinglSchool Housel 

School-Eastern small-footed bat-REF.xlsRME-CTE HQ 1 of 1 QC'd by: EK 5/19/2008 



Attachment 7.71 

Incremental Risk for the Eastern Small-footed Bat at School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site Vershire, VT 


COPEC 

COPEC - Chemical of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 

Created by: RAR 5/30/2008G:\ALLSHARE\ESATBlo\Ely Mine\BERA\COPCs - EPCs - HQs\lncremental Risk Tables\ 
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Attachment 7.72 

Hazard Quotients for the Eastern Small-footed Bat COPECs at the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


RME Scenario CTE Scenario 

Total E001 TRV TRV No Effect Total E001 TRV TRV No Effect 

COPECs (mg/kg bw-day) NOAEL LOAEL HQ Effect HQ (mg/kg bw-day) NOAEL LOAEL HQ Effect HQ 
Metals 

34 
88 

13.2 
2.6 
60 

0.35 
44.4 

'. I 

... 

.... " 

... I" 

......... 

Note: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the east branch of the Ompompanoosuc River. 
"- The regression equation used to calculate the cadmium BSAF produced a negative value and therefore a negative EDD. 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - 'Chemicals of Potential Ecological Concem 
EBOR - East Branch of the Ompompanoosuc River 
EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
HQ - Hazard Quotient 
- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.54 

G:IALLSHARElESATBIO\Ely MineIBERAIFood Chain ModelinglOmpoml 
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Attachment 7.73 

Hazard Quotients for the Eastern Small-footed Bat COPECs at the Reference Section of the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


RME Scenario CTE Scenario 

Total E001 TRV TRV No Effect Effect Total E001 TRV TRV No Effect 
COPECs (mg/kg bw-day) NOAEL LOAEL HQ HQ (mg/kg bw-day) NOAEL LOAEL HQ Effect HQ 

Metals 
Aluminum 5 69E+02 

3·.35E-02 .+~1]!irn(?I'lY ............ ...................... .... 
Arsenic 3.55E-01 ........... 
Barium 1.57E+02 ......,..,.....,....',.. , .......... , I······.. ······..········ .... , 

It~rYlltL,lrn." 1.84E-01.... .. 
2.20E-01 

13.3 
5.7 

51.8 
0.53 
5.1 

I 
. , .. 

I 
.... I 

....... I 

....... , 

.... 
66.5.. . 
11.6 ...... 
259 ...... 
2.7 
7.1 .. 

44.2 

36.7 .....,...
15.1 

, 

........., 
". 

....... 

Notes: The metals shown in this Attachment are those identified as surface water and sediment COPECs in the impacted reach of EBOR. 

COPECs - Chemicals of Potential Ecological Concern 
EBOR - East Branch of the Ompompanoosuc River 
EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
HQ - Hazard Quotient 
-- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.55 

G:IALLSHARElESATBIOIEly MinelBERAIFood Chain ModelinglOmpoml 
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Attachment 7.74 

Incremental Risk for the Eastern small-footed bats at the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site Vershire, VT 


COPECs 

55 
6.2 
0.2 

COPECs - Chemicals of Potential Ecological Concem 

EBOR - East Branch of the Ompompanoosuc River 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

A _ The regression equation used to calculate the cadmium BSAF produced a negative value and therefore a negative HQ. 

-- - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 

Created by: RAR 5/28/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 
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Attachment 7.75: Weight-of-Evidence Integration for Insectivorous Mammals 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


Assessment Endpoint 6: 
Maintain stable and healthy insectivorous mammal populations 
Are the COPEC levels in surface water and biota sufficiently high to cause biologically-significant changes or 
impair the function of the insectivorous mammal populations foraging in the vicinity of Schoolhouse Brook and 
theEBOR? 

Measurement Endpoint 
6.A: Use sediment analytical data to estimate the body residues of COPECs in winged aquatic insects; use food 
chain modeling to calculate daily doses from the ingestion of surface water and winged aquatic insects, and 
compare these values to TRVs. 

Weight-of-Evidence Integration 

Schoolhouse Brook I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 6.A 
Yes/Low 

Undeterminate 
No Harm 

TheEBOR I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 
Yes/Low 

Undeterminate 
No Harm 

6.A 

Assessment endpoints, measurement endpoints, and assigned weights are discussed in Section 4 of the SERA 
The WOE integration for the insectivorous mammal populations is discussed in Section 7 of the SERA 



Attachment 7.76 

Hazard Quotients for Belted Kingfisher COPECs at School House Brook 


Ely Mine Superfund Site, Vershire, VT 


Total EOO1 

COPECs (mg/kg bw-day) 

Metals 
Aluminum 1.00E+02 

~n!irngD~Y .... 3.17E-01 
Arsenic 1.33E-01 
_""~W~«~"'"'W'<~__ 'N~~~~~ ~~,_,,_ • , 

Barium 9.47E+00 

~E3.~l}'lli.':lrn...... 1.98E-02 
""-'''''-~><--''''-'''"~'"-~' -

Cadmium 1.66E-01 
" .•"w '"'''''''' ',,'_v,,"""'_ '''_'_'''~'''''V' 

1.41E+00 
vu._ W'W"'_~"~"~~'_~~'YWA"" __"'W" •• 

6.58E+00 

ggE[>.~r .. 5.01 E+01 
Iron 3.62E+02 
Lead 4.21E-01 

fy19D.g9D~~E:l. 2.87E+01 

fy1~i2':1ry~ 1.79E-02 
mO"_"'_'_'''*''V' __~'WM_'_ 

fy1gJYI?Q.~I]':J.rn ...... 3.08E-01 
Nickel 2.40E+00 

,,,.v••w_",,,,,~,=, ,_~,.w'''W'' " ..".'", w ., > •• , ••>.w."""""""••"._~••h"~"~"., • 

Selenium 5.26E-01 
"'-'~"~'~~~'",'~''"'''' ,,-. 

Silver 6.93E-03 
"'«."".N'~".•"·'""'_,~,,··'''~~_ '" 

Strontium 1.65E+01 
,~,.~'"~,~,,~__~."O"v 

Vanadium 2.79E+00 

RME Scenario 

TRV TRV No Effect 
NOAEL LOAEL HQ 

22 0.02 
208 416 0.05 

21.1 0.1 
37.7 75.4 0.04 
7.61 38.1 0.9 
33 62 1.5 

7.4 37 0.1 
977 4885 0.03 
0.45 0.91 0.04 
7.1 35.3 0.04 
80 107 0.03 

0.8 1.3 
14.5 43.6 4.78E-04 

11.38 56.9 0.2 

Effect Total EOO1 

HQ (mg/kg bw-day) 

5.74E+01 
n" _" _0_"'" _. >"_""'»''',,'0_'''~_"~W~ 

1.38E-01 
"'W~M' ,,~,.v~,w,,~""'~v _, , 

0.01 1.28E-01 
0.02 5.84E+00 

9.45E-03 
m • _ ",. ".'", ___'_m_~m"'~ ·~_m~~·'_~~"'V"'~ 

0.01 1.66E-01 
0.02 1.17E+00 

"" ,,,.'_,,.. ,,,, ..,,' •• ____ . _ .• _"·,,,,""··""·_~'w·,~ 

0.2 2.17E+00 
"""'''''''No'N','«'' V".'.',,,,, 

0.8 2.99E+01 
1.04E+02 

0.01 6.23E-02 
".-""'.,.,.'''.''',,'''''~,..~.'''.'''''. 

0.01 1.99E+01 
·"· .. ·"v .. , ... ·· .."·.,.,··,,.· ••·.·,·,,",,·,w,,",.,,. , .. 

0.02 1.28E-02 
... c_, ",_~,_w'~,,__~w._~""" 

0.01 2.14E-01 
0.02 1 

w,,"v,.'~' "w.."v...~~." ,~_.,"_~,,~~, 

0.7 3.92E-01 
.59E-04 9.48E-03 

1.51E+01 
" •. " .• 'A""· '"'' ."."'''V.A••'''~.C•.A'~_'''''.~,,~_ 

0.05 1.43E+00 

CTE Scenario 

TRV 
NOAEL 

5.5 
208 

TRV 
LOAEL 

22 
416 

7.4 37 
977 4885 

56.9 

No Effect 
HQ 

0.03 

Effect 
HQ 

0.01 
.~v".~~_,~"=,,·~__·,,, , 

0.01 

0.1 0.03 
... ,.".,,,,'"'''' ············3:S4E+01< ... 

11.38 
14.5 

"" "'''"'e<"'''''"'~''''V''V __ "'''''·· .A'."A... ",,_....'"..~A q._~~v,__~,=~~'""~~ 

Zinc 4.16E+01 14.5 131 2.9 0.3 131 2.4 0.3 
Note: The metals shown in this Attachment are those identified as surface water, fish, and sediment COPECs in the impacted reach of School House Brook. 
mg/kg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of PotentialEcological Concern 
EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
TRV - Toxicity Reference Value 
RME - Reasonable Ma~imum Exposure 
CTE- Central Tendency Exposure 
HQ - Hazard Quotient 
-- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.56 

Created by: RAR 5/12/2008 G:IALLSHARE\ESATBIOlEly MinelBERAIFood Chain ModelinglSchool Housel 
School-Belted Kingfisher.xlsRME-CT HQ 1 of 1 QC'd by: EK 5/15/2008 



Attachment 7.77 

Hazard Quotients for Belted Kingfisher COPECs at the Reference Section of School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


RME Scenario CTE Scenario 

Total E001 TRV TRV No Effect Total E001 TRV TRVEffect No Effect Effect 
(mg/kg bw-day) NOAEL LOAEL HQ HQ (mg/kg bw-day) NOAEL LOAEL HQ HQCOPECs 

Metals 

56.9 0.1 
31 1.6 

0.02 
·"wm~"~'"A_=w"m~,<w,",,~ 

0.2 
Note: The metals shown in this Attachment are those identified as surface water, fish, and sediment COPECs in the impacted reach of School House Brook. 

mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 

EDD - Estimated Daily Dose 

NOAEL - No Observable Adverse Effect Level 

LOAEL - Lowest Observable Adverse Effect Level 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

HQ - Hazard Quotient 

-- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.57 

Created by: RAR 5/12/2008 
School-Belted Kingfisher-REF.xlsRME-CTE HQ 1 of 1 QC'd by: EK 5f14f2008 
G:\ALLSHAREIESATBIOIEly MinelBERAIFood Chain ModelinglSchool Housel 



Attachment 7.78 

Incremental Risk for Belted Kingfishers at School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site Vershire, VT 


COPEC 

COPEC - Chemical of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 

Created by: RAR 5/3012008 
School House wildlife receptors.xlsbelted kingfisher 1 of 1 QC'd by: 56 6/3/2008 
G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 



Attachment 7.79 

Hazard Quotients for the Belted Kingfisher COPECs at the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals 
Aluminum 

~Q.ti.rn.2.Qi....... 
Arsenic 
Barium 

Total E001 
(mg/kg bw-day) 

1.18E+02 
6.30E-02 

>v. ~, ~ v> > vm._.,~,~.".WA",~'''~" "v,,,"',,","~,~ ~V"W 

1.54E-01 
"w V'V"""'_~'v'" 

8.33E+00 
~ '~~'~~~_'WN'~_~'~ V," '''A'V''",,' 

2.22E-02 

RME Scenario 

TRV 
NOAEL 

5.5 
208 

1.9 

TRV 
LOAEL 

No Effect 
HQ 

0.03 
0.04 

Effect 
HQ 

""""""" ~AV__'" 

Total E001 
(mg/kg bw-day) 

6.47E+01 
9.34E-02 

0.01 1.33E-01 
,vv,mmu ,,,no _,_m_,,", '''"' v,.-," ""0' "'''O~V''V'~'''~VNO 

0.02 4.60E+00 
.""~.,,. ,,~,,~"v"" " 

7.79E-03 
"""vC' "V 'v ..,,,'""~"" ,,,'w",,,''''"",.',,,,... ",",","",',"~,"v 

1.77E-01 

CTE Scenario 

TRV 
NOAEL 

5.5 
v ,w., 'W" ""'''''~'~N~''_...~'mUA ." • 

TRV 
LOAEL 

208 416 

21.1 

No Effect 
HQ 

Effect 
HQ 

§E:lrylli~rn... 
Cadmium 
Chromium 

9.19E-02 
1.65E+00 
8.57E+00 

21.1 
75.4 
38.1 

0.004 
0.02 
0.2 
0.2 

v"...~~~'~w'~~m~w_~'" m 

1.05E+00 75.4 
~"."v'''''''.''W'~VA.''''V.''~.w,." v, .",."" .. ,,,,.,.,.o,,,~.,,v,, "._~v""'~,_~,"'w _'o.~~c_..,,',,_, """'0" ~~".~,_.,,,'"_VC ." 

Cobalt 
'""., ,.",."" "."~.~ .."v~_v"_«,,,,,, e_,,"_'~V" ~r'"Yv~~"~V_~W'~_~""" 

1.36E+01 

37.7 
7.61 
33 62 

1.15E+00 
. ··,·... '''''·'''··"'''v",''··",,'·~·,~·.._· 

7.93E+00 
38.1 ...,.. >..., .....>~.,............ ..I···.,.,·......·w.>................w..\· ..,····.. ·0:.:: 
62 

'''Y''''_'~VM~,_~.v""WN~»"" 

1.63E+02 
w...>'.'...,,,...........'.,.. ., ...,.,.,.,., ....,.,,.,,......1.w,.,.,..."....w...............>.......>...I...........,> .......>....,., 

8.25E+01 
"'w·.·".............·••••••••••••••••• .+........................................... 

3.63E-02 7.4 0.005 0.001 
2.32E+O~1 .. ···"'977., ..........<I:.•.???.. ...0.02 0.005 

wO"''' ..·'''''''1'..:-8'7I~=02vm~'''''~~.'''.'' 0.45 0.91 o. '"6':'02'w~.'<''' 
>."'..........."'..........j .. "'.......................................... .. ................... ..........."'.......... "'......... 

2.03E-01 7.1 35.3 O. 0.01 

1.99E-02 
" ""VC .,...,"'.A<.v~.~..'" "" ,. "'·""""""v"',~~·~" .,," 

1.72E+01 
,., .'''.,.,''"'''''..,,.'"'~<.. ,,"' ..... 

1.50E-02 
1.S·SE=O"1··>·· 

•• ,,,,,,"",.,,.,,.,~,, ",~v,~" , .. "' ........_",~~w"w"~~".,, ........ "." "'''~~,.,~ v""~"_,,..,,~,,~ ,,__~, ,,~, 

2.32E+00 80 107 0.03 0.02 1.45E+00 
C'" ,." ..".wv~wcm"""""'"'".·.VN"V""_"v~,,·,'" 

2.41E-01 
......>......>......... >..."'."' ......."'.....>....... "'I..· .. ····....····,·.. .......>.... »>... >... >.................>....................>.,......... 

Selenium 0.4 0.8 0.5 0.2 
..vv"""'''v~v''''''~_~.~, _,,,~ .. ~_., ·"""""WA"·".V,V",vv,",,v 

Silver 14.5 43.6 0.001 1.83E-04 1.02E-02 
""V~W"'VA.V""'WWAW.~'A'.V.~' ",,~,.. "vVA_ ,,~w~~"'''~v~ '" ,"","N"A"vv"v"_'W"'"","",""'W~'V''"VV . 

1.50E+01Strontium 
~w.v_w,"._~~~~-=',~v~,.~" , .._".",~,"".. _"".,v.. · ."··········1·····..···················,, ..1 .. ., ........."..>....,,,•• , .... .,.,, .. ,,,,,,.,,>....,,. 

2.61 E-01!!l~!I!l:lrn"...... ·....·1.. ........; ... ; , .........>.·...·•·.....1 ...,. ·········..··>.,w.>., ••••••••••..., 

O. 1.03E+00 

37 

............,~?Z......>w>..... " ....,1&~?., 
0.45 0.91 

,.w'w><"w"w.-,~~"'~~~~~>~'"~,·<~~, _,,~,~,,~,~,~"''', 

7.1 35.3 
07 

0.8 
43.6 

Vanadium 56.9 
~,~"'''''F'~''V~',,~__~''''~~,~ mw," •••• V'" ..... "A • • """."•• " ••• ""~"""V"VAV~"~" 

Zinc 131 
•· •• , ••• · ••·"w ........ , .. ••• »> ........ .,........., ..:.,~.,".»" ....:......,............,...1....,.....'0.,'0••."" •.•.., ...>.... ,... 

0.3 3.22E+01 

2.35E-04 

0.1 0.02 
.....""'.'".'""............ ,.~.''''''~'''~''''''''' . 

2.2 0.2 
Note: The metals shown in this Attachment are those identified as surface water, fish, and sediment COPECs in the impacted reach of the EBOR. 
mglkg - milligrams per kilogram 
ug/L - micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EBOR - East Branch of the Ompompanoosuc River 
EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
HQ - Hazard Quotient 
- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachmen 5.58 

G:\ALLSHARE\ESATBIO\Ely Mine\BERA\Food Chain Modeling\Ompom\ Created by: RAR 5/9/2008 
Ompom-Belted Kingfisher.x1sRME-CTE HQ 1 of 1 QC'd by: EK 5/15/2008 



Attachment 7.80 

Hazard Quotients for the Belted Kingfisher COPECs at the Reference Section of the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


eTE ScenarioRME Scenario 
Total EDDl TRV TRV No Effect Effect Total EDD TRV TRV No Effect Effect 

(mg/kg bw-day) NOAEL LOAEL HQ HQ (mg/kg bw-day) NOAEL LOAEL HQ HQeOPECs 
Metals 

4.71 E+01
······1············ .......•..........•..•.. ·1············ 


......... 

1

0.03 .............. , 0.01 ....... i ~ :~~~~~~ •.•.•.•••.•.•••.•••.•••.•• 5.5 ; .. ; ................ ·.·+·........0.....0....3,..•.....·'.·04'••.•.'." ...•:".0, 1 ·
" ..·.·.0 .......22 
······1 

1 .',0.07 0.04 7:~?t::!00 208+ 416 0.04 0.02416 ..... 
1 

1.15E-02
·······,········1 

1:~ .......... 21.1 0.20 .............. 
1 

():Q?I" 1.44E-01
1 
37.7 ..........J?:~I 0.05 0.03. 

7 . 61 ...... 3::;8::.:....1:...........j! •......O.~..:.:.0:::5:::., ,.1 .........°:.:...°::.1.:. .• 

33 ........,....... 62 ..... ........... 0.03+2.0,;:::2........... . 


Silver 
Strontium 
Thallium 

56.9 0.1 0.02 
<" .,. ",~_o ~.,,'~,,'.,.,~,,~"'''_ , ,,~_~_~.~.v~,.""" 

131 2.2 0.2 
'" 

Note: The metals shown in this Attachment are those identified as surface water, fish, and sediment COPECs in the east branch of the Ompompanoosuc River. 
mglkg - milligrams per kilogram 
uglL - micrograms per liter 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EBOR - East Branch of the Ompompanoosuc River 
EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
HQ - Hazard Quotient 
-- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.59 

Created by: RAR 5/12/2008G:IALLSHARElESATBIOIEly MinelBERAIFood Chain ModelinglOmpoml 

Ompom-Belted Kingfisher-REF.xlsRME-CTE HQ 1 of 1 QC'd by: EK 5/15/2008 



Attachment 7.81 

Incremental Risk for the Belted Kingfishers at the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site Vershire, VT 


COPECs 

0.4 0.1 
2.8 2.2 

COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

-- - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 

Created by: RAR 5/28/2008G:IALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 


Ompom wildlife receptors.xlsbelted kingfisher 1 of 1 aC'd by: 




Attachment 7.82: Weight-of-Evidence Integration for Piscivorous Birds 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


Assessment Endpoint 7: 

Maintain stable and healthy piscivorous bird populations 
Are the COPEC levels in surface water and biota sufficiently high to cause biologically-significant changes or 
impair the function of the piscivorous bird populations foraging in the vicinity of Schoolhouse Brook and the 
EBOR? 

Measurement Endpoint 

7.A: Use food chain modeling to calculate the mean and maximum daily doses to belted kingfishers 
!from inqestinq surface water and fish and compare these values to TRVs 

Weight-of-Evidence Integration 

Schoolhouse Brook WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 
Yes/Low 

Undeterminate 
No Harm 7.A 

TheEBOR I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 
Yes/Low 

Undeterminate 
No Harm 7.A 

Assessment endpoints, measurement endpoints. and assigned weights are discussed in Section 4 of the SERA 
The WOE integration for the piscivorous bird populations is discussed in Section 7 of the SERA 



Attachment 7.83 

Hazard Quotients for Mink COPECs at 


School House Brook 

Ely Copper Mine Superfund Site, Vershire, VT 


RME Scenario CTE Scenario 

Total E001 Total EOO 1 TRV TRV No Effect Effect TRV No Effect TRV 
(mg/kg bw-day) NOAEL LOAEL HQHQ (mg/kg bw-day) NOAEL LOAEL HQ Effect HQ COPECs 

Metals 

Note: The metals shown in this Attachment are those identified as fish tissue and surface water COPECs in the impacted reach of School House Brook. 

mg/kg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
TRV - Toxicity Reference Value 
HQ - Hazard Quotient 
-- - A hazard quotient could not be calculated because no TRV was available. 
1 - Total EDD is calculated in Attachment 5.60 

Created by: RAR 5/5/2008 G:IALLSHARE\ESATBIO\Ely Mine\BERA\Food Chain Modeling\School House\ 


School-Mink.xlsRME-CTE HQ 1 of 1 QC'd by: EK 5113!2008 




Attachment 7.84 

Hazard Quotients for Mink COPECs in the .Reference Section of School House Brook 


Ely Copper Mine Superfund Site, Vershire, VT 


COPECs 
Metals 
Aluminum 

Total EDD 
(mg/kg bw-day) 

5.35E+00 

Total EDD 
(mg/kg bw-day) 

,,,. "_~',_"~~,",_u,w~,w" ~._ 

~rltiI!!2.rl.Y ..... 9.98E-03 
Arsenic 2.99E-02 

m~". ''''>''''_Y'~__A_''''~'''''~_'",." 

Barium 2.27E-01 
O'·"""'_A"""'''~"'''''~'''~'' '·"~_"."m""o'~""N~"v",,, <V 

Cadmium 8.62E-03 
, __'w'~'_"_'A""'A" .".,"v .."w".~._ 

Chromium 1.11 E-02 
""""~~"~A~"_W''''''"'''''' v • 

w~, __»""~W~"VAW""", ," 

Cobalt 1.20E-02 
-"--"-,,",,"~»,","-,-~,,.,~,-

ggEE~r 

M§D~9<:lD~§~ 1.22E+00 
_.",_~_"v·,,,,,~_,,,~~,~Y,,,Y"'.",~, ,,,,.. ,___ _ 

M~r2l:lEY ........ . 3.00E-03 
'_"'>V~'''''_'W'' "v''''v~'''~'''' ,~_ , 

M2.ly~c:l~Dl:lrl1 .. 3.00E-02 
~_""'" "V·""O _"«",,,~,,,.,,,,. " . 

Nickel 4.00E-02 
Selenium 7.98E-02 
_¥~_"",__'~V'_'''~ """" _",~" '" ~ 'Y"'" _»'r'''''''~'''''r''_'_' 

Silver 2.48E-04 
Strontium 1.67E-02 
'''....''WV''''~N'''''''''·'''__, ~,_~~_o,," ,_,_"., .V_W"V'_"·"·"O"~__ V_ 

Vanadium 
Zinc 

4.00E-02 5.9 
160 

8.3 
320 

Vw""Yn.'·_"""V'''·'·'·~''·''_'''' ,~_, < 

6.77E+00 
0.007 0.005 

.."".,.,..•.. ,,_.,",, 

0.04 0.02 
5.9 8.3 0.005 0.003···4:'87E+00· ...........~...... 160·····320~ ····6:63·~ ····~·O:02 

Note: The metals shown in this Attachment are those identified as fish tissue and surface water COPECs in the impacted reach of School House Brook. 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 

TRV - Toxicity Reference Value 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
HQ - Hazard Quotient 
-- - A hazard quotient could not be calculated because no TRV was available. 
1 - Total EDD is calculated in Attachmen 5.61 

Created by: RAR 5/5/2008G:IALLSHARE\ESATBIOIEly MinelBERAIFood Chain ModelinglSchool Housel 
School-Mink-REF .xlsRME-CT HQ 1 of 1 QC'd by: EK 5/13/2008 



Attachment 7.85 

Incremental Risk for Mink at School House Brook 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPEC 

COPEC - Chemical of Potential Ecological Concern 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 

Created by: RAR 5/30/2008G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 

School House wildlife receptors.xlsMink 1 of 1 QC'd by: EB 613/2008 



Attachment 7.86 

Hazard Quotients for Mink COPECs at the EBOR 


Ely Copper Mine Superfund Site, Vershire, VT 


RME Scenario CTE Scenario 

Total E001 Total E001TRV TRV No Effect Effect TRV TRV No Effect Effect 
(mg/kg bw-day) NOAEL LOAEL HQ HQ (mg/kg bw-day) NOAEL LOAEL HQ HQCOPECs 

Metals 

5.9 
160 

8.3 0.003 
",.,,,., ,.,,""'"" "., "'" , ~ ., ......" ...,~ 

320 0.04 
0.002 
""".. ,wm;"_'A'¥""" 

0.02 
Note: The metals shown in this Attachment are those identified as fish tissue and surface water COPECs in the east branch of the Ompompanoosuc River. 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Chemicals of Potential Ecological Concern 
EDD - Estimated Daily Dose 
EBOR - East Branch of the Ompompanoosuc River 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 
HQ - Hazard Quotient 
-- - A hazard quotient could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachment 5.62 

Created by: RAR 5/1/2008 
Ompom·Mink.xlsRME·CTE HQ 1 of 1 QC'd by: EK 5/13/2008 
G:IALLSHARElESATBIOIEly MinelBERAIFood Chain ModelinglOmpoml 



Attachment 7.87 

Hazard Quotients for Mink COPECs at the Reference Section of the EBOR 


Ely Copper Mine Superfund Site, Vershire,VT 


Aluminum 
<··'~"""'o,v~,,,,,,.,,,,,,·,~~ '" "W"~'.~"'_~"'~'vn~"~'''' . " __" 'v 

~~tir:n2nY 
Arsenic 

RME Scenario CTE Scenario 

Total E001 Total E001 TRV TRV No Effect TRVTRV No Effect 
(mg/kg bw-day) LOAELNOAEL HQ Effect HQ (mg/kg bw-day) NOAEL LOAEL HQ Effect HQ COPECs 

Metals 

Note: The metals shown in this Attachment are those identified as fish tissue and surface water COPECs in the east branch of the Ompompanoosuc River. 
mglkg bw-day - milligrams per kilogram of body weight per day 
COPECs - Cliemfcals of Potential Ecological Concern 
EBOR - East Branch of the Ompompanoosuc River 
EDD - Estimated Daily Dose 
NOAEL - No Observable Adverse Effect Level 
LOAEL - Lowest Observable Adverse Effect Level 
RME - Reasonable Maximum Exposure 
CTE - Central Tendency Exposure 

HQ - Hazard Quotient 
- - A hazard quotientHQ could not be calculated because no TRV was available. 

1 - Total EDD is calculated in Attachmen 5.63 

Created by: RAR 5/1/2008G:IALLSHARElESATBIOIEly MinelBERAIFood Chain ModelinglOmpoml 

Ompom-Mink-REF.xlsRME-CTE HQ 1 of 1 QC'd by: EK 5/13/2008 



Attachment 7.88 

Incremental Risk for the Mink at the EBOR 


Baseline Ecological Risk Assessment 

Ely Copper Mine Superfund Site, Vershire, VT 


COPECs - Chemicals of Potential Ecological Concern 

EBOR - East Branch of the Ompompanoosuc River 

* - The incremental risk is the hazard quotient calculated for the Site minus the hazard quotient calculated for the reference area. 

-- - Not Available 

RME - Reasonable Maximum Exposure 

CTE - Central Tendency Exposure 

REF - Reference 

Created by: RAR 5/28/2008 
Ompom wildlife receptors.xlsMink 1 of 1 QC'd by: EK 8/712008 
G:\ALLSHAREIESATBIOIEly MinelBERAICOPCs - EPCs - HQsllncremental Risk Tablesl 



Attachment 7.89: Weight-of-Evidence Integration for Piscivorous Mammals 

Baseline Ecological Risk Assessment 


Ely Copper Mine Superfund Site 

Vershire, VT 


Assessment Endpoint 8: 

Maintain stable and healthy piscivorous mammal populations 
Are the COPEC levels in surface water and biota sufficiently high to cause biologically-significant changes or 
impair the function of the piscivorous mammal populations foraging in the vicinity of Schoolhouse Brook and the 
EBOR? 

Measurement End oint 
B.A: Use food chain modeling to calculate the mean and maximum daily doses to mink from ingesting 

to TRVsfis he al 

Weight-of-Evidence Integration 

Schoolhouse Brook I WEIGHT OF EVIDENCE I 
HARM/MAGNITUDE Low 

Low-
Medium Medium 

Medium 
High High 

Yes/High 
Yes/Low 

Undeterminate 
No Harm 8.A 

TheEBOR WEIGHT OF EVIDENCE 

HARM/MAGNITUDE Low 
Low-

Medium Medium 
Medium 

High High 
Yes/High 
Yes/Low 

Undeterminate 
No Harm 8.A 

Assessment endpoints, measurement endpoints, and assigned weights are discussed in Section 4 of the SERA 
The WOE integration for the piscivorous mammal populations is discussed in Section 7 of the SERA 



Table 7.90: Overview of the major uncertainties associated with the risk characterization for the Ely Copper Mine BERA 

Measurement Endpoint Qualitative Description of Uncertainty Potential Effect on Risk 

BENTHIC INVERTEBRATE COMMUNITY 

ent endpoint 1.A: 
Compare COPEC levels in 
bulk sediment to benchmarks: 

The sampling locations can affect contaminant levels. Sediment samples were collected 
throughout the waterways, including depositional areas, over several years. It is unlikely that 
"hotspots' were missed. 

No effect on risk 

The toxicity-based, literature-derived sediment benchmarks were generic but conservative values 
which did not consider site-specific factors (e.g., AVS/SEM, TOC, other binding phases) that may 
affect bioavailability in-situ. 

Up to moderate 
overestimation of risk 

HQs were only calculated for individual COPECs, without considering the potential for cumulative 
risk from multiple COPECs. 

Small underestimation of 
risk 

Digesting sediment samples with strong acid prior to chemical analyses did not liberate COPECs 
in a way which mimicked the exposure experienced by benthic invertebrates in the field. 

Moderate overestimation of 
risk 

Sediment benchmarks were available for all the COPECs. IMinimal effect on risk 

The sediment benchmarks did not account for low pH surface water or pore water that may affect 
benthic invertebrates at certain times of the year, independent from the COPEC levels in the 
substrate. 

Up to moderate 
underestimation of risk 

Most of the substrate in the affected waterways consisted mainly of sand, gravel, and boulders. 
Much of the benthos was expected to live under rocks and in small crevices where exposure 
would be to COPECs in surface water, more than in pore water or bulk sediment. 

Unknown effect on risk 

Overall potential effect on ecological risk Moderate overestimation 

Measurement endgoint 1.B: Pore water chemistry varies by season, location, surface water quality, and substrate conditions. 
Only a few pore water samples were collected during low (summer) flow from each waterway. 
Such samples were unlikely to represent the full range of pore water conditions. 

Moderate to severe 
underestimation of risk (but 
only during high flow) 

Compare dissolved COPEC 
levels in pore water to 
benchmarks. 

Toxicity-based surface water benchmarks from the literature represented generic but 
conservative values protective of a small fraction of the most sensitive species. 

Small overestimation of risk 

HQs were only calculated for individual COPECs, without considering the potential for cumulative 
risk from multiple COPECs 

Small underestimation of 
risk 

Surface water benchmarks were available for all of the COPECs. Minimal effect on risk 
Dissolved metals data were compared to the benchmarks. Dissolved metals represent the 
fraction responsible for toxicity in aquatic receptors. 

Minimal effect on risk 

The surface water benchmarks do not account for low pH surface water or pore water that may 
affect benthic invertebrates at certain times of the year independent from the COPEC levels in 
the substrate. 

Up to moderate 
underestimation of risk 

Overall potential effect on ecological risk Moderate 
underestimation 

Measurement endDoint 1.C: 
Estimate COPEC 
bioavailability based on AVS 
and SEM. 

AVS and SEM can vary by season to to changes in water flow and temperature. Samples were 
collected mostly in the summer and fall. 

Unknown effect on risk 

AVS levels can be diminished due to oxidation during sample collection and storage. This was 
unlikely to be a serious issue at the study sites because AVS was minimal to begin with. 

Up to small overestimation 
of risk 

AVS > SEM does not necessarily indicate the presence oftoxicity (EPA, 2005b) small to moderate 
overestimation of risk 

Overall potential effect on ecological risk evaluation 
small to moderate 
overestimation 



Table 7.90: Overview of the major uncertainties associated with the risk characterization for the Ely Copper Mine BERA 

Measurement Endpoint Qualitative Description of Uncertainty Potential Effect on Risk 

Measurement endpoint 1.D: 
Toxicity testing of juvenile H. 
azteca and C. tentans 
exposed to pore water in the 
laboratory. 

Pore water chemistry varies by season, location, surface water quality, and substrate conditions. 
Only a few pore water samples were collected during summer base flow from each waterway. 
These samples were unlikely to represent the full range of pore water conditions. 

Moderate to severe 
underestimation of risk (but 
only during high flow) 

Contaminant sensitivity is species-specific. H. azteca is considered relatively sensitive to metals; 
C. tentans less so. It is not known how the response of H. azteca to metals compares to that of 
sensitive local benthic invertebrates in the waterways. 

Unknown effect on risk 

Using sensitive juvenile life stages increased the chances of detecting toxicity, whereas the short 
duration of the test (96 hours) decreased the chances of detecting 10ngeHerm impacts, such as 
on growth or reproduction. 

Moderate underestimation 
of risk 

A white floc was observed in the pore water samples used for the daily renewals. It seemed likely 
that changes in water chemistry caused dissolved metals to precipitate out of solution thereby 
affecting the measured pore water toxicity. 

Small underestimation of 
risk 

Overall potential effect on ecological risk Moderate to severe 
underestimation 

l~m,""Odooiot 1.E 
icity testing of H. azteca 
C. tentans exposed to 

Isediment in the laboratory. 

The sampling locations can affect contaminant levels. Sediment samples were collected from the 
few available depositional areas in each waterway which are more likely to accumulate metals in 
sediment. 

Overestimation of risk by 
focusing on the few 
depositional areas 

Contaminant sensitivity is species-specific. H. azteca is considered relatively sensitive to metals; 
C. tentans less so. It was not known how the response of H. azteca to metals compared to that 
of sensitive local benthic invertebrates in the waterways. 

Unknown effect on risk 

The conditions in the test beakers were different from those found in-situ. The coarse nature of 
the sediment and the more settled conditions in the beakers could have allowed metals to more 
readily dissociate from the sediment and accumulate in the pore water. On the other hand, 
changes in chemistry could have caused those metals to preCipitate out of solution and become 
less bioavailable. 

Unknown effect on risk 

Using sensitive juvenile life stages increased the chances of detecting toxicity, whereas the 
relatively short duration of the test (28 days for H. azteca and 10 days for C. tentans) decreased 
the chances of detecting long-term effects, such as on reproduction. 

Small underestimation of 
risk 

Overall potential effect on ecological risk Up to moderate 
overestimation' 

Measurement endpoint 1.F: 
Benthic community surveys. 

Benthic invertebrate surveys can generate results which are highly variable and difficult to 
interpret. The fact that the surveys were performed using approved sampling and statistical 
analyses protocols minimized these concerns. 

Minimal effect on risk 

The survey occurred during summer base flow when the surface and pore water are least toxic. 
However, the structure of the benthic community at the sampling locations represents a chronic 
response of chemical conditions integrated over time. 

Minimal effect on risk 

The published benthic community metrics used in the field data interpretation were obtained from 
VT streams with physical and hydrologic characteristics similar to those found in the waterways at 
the Site. 

Minimal effect on risk 

Overall potential effect on ecological risk Risk was as reported 



II 

II 
Table 7.90: Overview of the major uncertainties associated with the risk characterization for the Ely Copper Mine BERA 

Potential Effect on RiskMeasurement Endpoint Qualitative Description of Uncertainty 

WATER COLUMN INVERTEBRATE COMMUNITY IN THE PONDS 

Measurement endobint 2.A: Small to moderate 

compare surface water 
Surface water chemistry varies significantly by season and location. Surface water samples were 

underestimation of risk (but 

COPECs to benchmarks. 
collected mainly in May and June. The surface water data sets for the ponds likely did not 

only during high flow) 

these habitats. 

Toxicity-based surface water benchmarks from the literature represented generic but 

represent the full range of surface water conditions experienced by water column invertebrates in 

Small overestimation of risk 
conservative values protective of a small fraction of the most sensitive species. 

HQs were only calculated for individual COPECs, without considering the potential for cumulative, Small underestimation of 
risk from multiple COPECs risk 

Toxicity-based surface water benchmarks were available for all of the COPECs. No effect on risk 
Dissolved metals data were compared to the benchmarks. Dissolved metals represent the Minimal effect on risk 
fraction responsible for toxicity in aquatic receptors. 

The surface water benchmarks do not account for low pH conditions that may have affected Moderate underestimation 
water column invertebrates at certain times of the year, independent from the COPEC levels in of risk 
the surface water 

Overall potential effect on ecological risk Moderate 
unde 

FISH COMMUNITY 

endpoint 3.A: minimal effect on risk 
Ived COPEC 

Surface water chemistry varies significantly by season and location. However, numerous surface 
water samples were collected from the three streams between March and November over several 

els in surface water to 
benchmarks. 

years. The surface water data sets reflect the full range of chemical conditions experienced by 
fish in these habitats. 

Toxicity-based surface water benchmarks from the literature represented generic but 
conservative values protective of a small fraction of the most sensitive species. 

Small overestimation of risk 

Has were only calculated for individual COPECs, without considering the potential for cumulative Small underestimation of 
risk from multiple COPECs. risk 

Toxicity-based surface water benchmarks were available for all of the COPECs. Minimal effect on risk 
Dissolved metals data were compared to the benchmarks. Dissolved metals represent the Minimal effect on risk 
fraction responsible for toxicity in aquatic receptors. 

The surface water benchmarks did not account for low pH conditions that may affect water Up to moderate 
column invertebrates at certain times of the year, independent from the COPEC levels in the underestimation of risk 
surface water. 

Overall potential effect on ecological risk Small to moderate 
underestimation 
Up to severe 


Expose juvenile fathead 

Measurement endpoint 3.B: Surface water chemistry varies by season and location. The surface water samples were 

underestimation of risk (but 

minnows (P. prome/as) to 
collected over three days in late June 2006. These samples did not represent the full range of 

only during high flow) 

surface water in the 
laboratory. 

surface water conditions in the ponds and the waterways. 

Contaminant sensitivity is species-specific. P. prome/as was considered relatively sensitive to Unknown effect on risk 
metals. It was not known how the response of P. prome/as compared to that of sensitive local 
fish species in the waterways. 

Using sensitive juvenile life stages increased the chances of detecting toxicity, whereas the short Small underestimation of 
duration of the test (7 days) decreased the chances of detecting long-term impacts, such -as on risk 
reproduction. 

A white floc was observed in the surface water samples used for the daily renewals. It was likely Small underestimation of 
that changes in water chemistry caused dissolved metals to precipitate out of solution thereby risk 
affecting the toxicity of the pore water. 

Overall potential effect on ecological risk Moderate 
underestimation 



Table 7.90: Overview of the major uncertainties associated with the risk characterization for the Ely Copper Mine BERA 

Measurement Endpoint Qualitative Description of Uncertainty I Potential Effect on Risk 

Measurement endpoint 3.C: The metal residues in fish collected from the affected waterways reflected chronic exposures to Minimal effect on risk 

Compare COPEC levels in COPECs in surface water. sediment. and food integrated over time. 
Ish tissue to CBRs. Fish with excessively high body burdens of metals may have died and would have been excluded Small to moderate 

from the tissue residue database. underestimation of risk 

The CBRs were derived from published salmonid data (mostly rainbow trout). Brook trout are a Unknown effect on risk 
target species in the affected waterways. It is unknown if other fish species (including blacknose 
dace) present in the affected waterways were more or less sensitive than rainbow trout. 

The CBRs were conservative values obtained from the literature. The geometric mean was used moderate overestimation of 
to calculate species-specific CBRs. The geometric mean of all of these species-specific risk 
geometric means was used to calculate the final CBRs. This approach was conservative. 

HQs were only calculated for individual COPECs. without considering the potential for c underestimation of 
risk associated with the presence of multiple COPECs. 

Overall potential effect on ecological risk Up to moderate 
overestimation 

Measurement endooint 3.D: The survey occurred during summer base flow when the surface water was least toxic. However. Minimal to no effect on risk 

Fish community survey the overall structure of the fish community at the sampling locations in the waterways represented 
a long-term. chronic response to chemical conditions integrated over multiple years. 

Fish composition can be underestimated if uncommon species are missed during sampling. This Minimal to no effect on risk 
variable should only have had a minor effect on the data because Schoolhouse Brook and the 
EBOR represent relatively shallow and simple sampling habitats. 

The published fish community metrics used in the field data interpretation were obtained from VT Minimal to no effect on risk 
streams with physical and hydrologic characteristics similar to those found in the waterways at 
the Site. 

Overall potential effect on ecological risk Risk was as reported 

AMPHIBIAN POPULATIONS 

urement endpoint 4.A: Surface water samples were collected weekly during the time period (May-June) when the local No effect on risk 

are dissolved COPEC amphibian populations used the ponds for breeding. The COPEC levels represented typical 

in surface water to exposure conditions experienced during breeding. 

benchmarks. Toxicity-based surface water benchmarks from the literature represented generic but Potential for up to moderate 
conservative values protective of a small fraction of the most sensitive aquatic species. overestimation of risk 

Toxicity-based surface water benchmarks were available for all of the COPECs. Minimal effect on risk 

HQs were only calculated for individual COPECs. without considering the potential for cumulative Small underestimation of 
risk from multiple COPECs. risk 

Dissolved metals data were compared to the benchmarks. Dissolved metals represent the Minimal effect on risk 
fraction responsible for toxicity in aquatic receptors. 

The surface water benchmarks did not account for low pH conditions that may affect the tadpoles Up to moderate 
of local amphibian populations independently from the COPEC levels in the surface water. underestimation of risk 

Overall potential effect on ecological risk Slight underestimation 

Measurement endpoint 4.B: Surface water chemistry varies over time. The surface water samples were collected over three Potential for up to moderate 

Expose juvenile fathead days in late June 2006. These samples may not represent the full range of surface water underestimation of risk 

minnows (surrogates for conditions in the ponds during the amphibian breeding season (May-June). 

amphibian embryo-larvae) to Contaminant sensitivity is species-specific. P. prome/as was considered relatively sensitive to Unknown effect on risk. but 
surface water in the metals. It was not known how the response of this species compared to that of the larval stages potential for 
laboratory. of the amphibian species breeding in the ponds. underestimation 

USing sensitive juvenile life stages increased the chances of detecting toxicity. whereas the short Small underestimation of 
duration of the test (7 days) decreased the chances of detecting long-term impacts. such as on risk 
reproduction. 

A white floc was observed in the surface water samples used for the daily renewals. It was likely Small underestimation of 
that changes in water chemistry caused dissolved metals to precipitate out of solution thereby risk 
affecting the toxicity of the pore water. 

Overall potential effect on ecological risk Up to moderate 
underestimation 



I Table 7.90: Overview of the major uncertainties associated with the risk characterization for the Ely Co~per Mine BERA I 
Measurement Endpoint Qualitative Description of Uncertainty Potential Effect on Risk 

No effect on risk 


in-situ toxicity testing (wood 


The exposures took place during the time period (early May) when the local amphibian ent endeoint 4.C: 
populations used the ponds for breeding. The physical-chemical environment in the ponds 


!frog eggs and tadpoles) 
 represented typical exposure conditions experienced in the spring. 


The physical and chemical conditions inside the inner Nytex cages may have caused some of the 
Small underestimation of 
dissolved metals to precipitate out or bind to organic matter, thereby altering toxicity. risk 

Contaminant sensitivity is species-specific. It is not known how the response of the embryo-larval From no effect to moderate 
stages of the wood frog (Rana sylvatica) compares to that of other amphibian species (I.e., green underestimation 
frog, [Rana clamitans] or eastem newts [Notophtha/mus viridescensJ) known to use the ponds 
for breeding. 

Overall potential effect on ecological risk Up to moderate 
underestimation 

INSECTIVOROUS WILDLIFE RECEPTORS (TREE SWALLOW AND EASTERN SMALL-FOOTED BAT) 

The metal concentrations in emergent aquatic insects used in the exposure calculations were Slight underestimation of 


an.Q.M: Food chain 

Measurement endeoint 5.A 

estimated based on generic sediment-to-benthic invertebrate BAFs. It was possible that benthic risk 

modeling. 
 invertebrates would take up dissolved COPECs directly from the surface water, even though that 

uptake route was not evaluated. 

The tree swallow and eastem-small footed bat were selected as surrogates for all of the Unknown effect on risk for 
insectivorous wildlife receptors that may feed from the waterways affected by past and present tree swallow; no effect on 
mine-related releases. It was assumed that these two target species represented the receptors risk for the bat which is a 
on the Site that have ecological or societal value. listed species 

Some of the exposure parameters used in food chain modeling (I.e., body weight, ingestion rates) Minimal effect on risk 
represented average and species-specific values but were not site-specific. 

Other exposure parameters (e.g., area use factors, COPEC bioavailability) were conservative large overestimation of risk 

values. 
The TRVs were conservative and non-species speCific. Moderate overestimation of 

risk 
HQs were only calculated for individual COPECs, without considering the potential for cumulative Small underestimation of 
risk from multiple COPECs risk 

Overall potential effect on ecological risk Up to large 
overestimation 

PISCIVOROUS WILDLIFE RECEPTORS (BELTED KINGFISHER AND MINK) 

The tissue metal concentrations used in the exposure calculations were those measured in whole No effect on risk 


d B.A: Food chain 

=ment endeoint 7.A 

fish collected from the target waterways. 

modeling. 
 The belted kingfisher and the mink were selected as surrogates for all of the piscivorous wildlife Unknown effect on risk 

receptors that may feed from the waterways affected by past and present mine-related releases. 
It was assumed that these two target species represented the receptors on the Site that have 
ecological or societal value. 

Some of the exposure parameters used in food chain modeling (I.e., body weight, ingestion rates) Minimal effect on risk 
represented average and receptor-specific values but were not site-specific. 

Other exposure parameters (e.g., area use factors, 100% bioavailabilityof COPECs in fish Moderate overestimation of 

tissue) were conservative values. risk 

The TRVs were conservative and non-species speCific. Moderate overestimation of 
risk 

HQs were only calculated for individual COPECs, without considering the potential for cumulative Small underestimation of 
risk from multiple COPECs risk 

Overall potential effect on ecological risk Moderate overestimation 
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SECTION 8.0: SUMMARY AND CONCLUSIONS 

8.1 INTRODUCTION 

A BERA was performed on the aquatic habitats potentially affected by the Ely Copper Mine 
Superfund Site, located in Vershire, VT.  The Site was used in the 19th and early 20th century for ore 
mining, ore “roasting”, copper smelting, and disposal of waste rock and tailings.  Past site investigations 
showed severe impacts associated with AMD to terrestrial habitats at the Site and to aquatic habitats on 
and off the Site. 

The major aquatic habitats at the Site consist of several small ponds located on the east branch 
of Ely Brook, and the main stem of Ely Brook itself.  Several other Ely Brook tributaries have surface 
water high in acidity and metals but are too small and/or ephemeral to be considered viable aquatic 
habitats. The major off-Site aquatic habitats consist of Schoolhouse Brook downstream of the confluence 
with the main stem of Ely Brook and the EBOR downstream of the confluence with Schoolhouse Brook.  

A SLERA performed in 2007 showed the potential for ecological risk to aquatic receptors in all of 
the aquatic habitats at and downgradient of the Site. This finding prompted the need to proceed with a 
BERA to further determine the degree and extend of ecological risk in these habitats.  

The BERA evaluated the following groups of ecological receptors in one or more of the aquatic 
habitats: 

•	 Benthic invertebrates 
•	 Water column invertebrates 
•	 Fish 
•	 Amphibians 
•	 Insectivorous birds and mammals 
•	 Piscivorous birds and mammals 

8.2 GENERAL CONCLUSIONS OF THE BERA 

The general conclusions on the risk associated with the aquatic habitat on- and off-Site are 
provided in Attachments 8.1 to 8.8. These conclusions are summarized below. 

8.2.1 Benthic invertebrate community 

The potential for ecological risk to the benthic community exposed to Site-related contamination 
was assessed in all of the aquatic habitats using up to six measurement endpoints (depending on the 
target habitat), as follows: 

•	 Compare COPEC concentrations in bulk sediment samples to sediment benchmarks (the four 
ponds, main stem of Ely Brook, Schoolhouse Brook, and the EBOR) 

•	 Compare dissolved COPEC concentrations in sediment pore water samples to surface water 
benchmarks (main stem of Ely Brook, Schoolhouse Brook, and the EBOR). 

•	 Estimate the bioavailability of divalent metals in sediment based on AVS - SEM (main stem of Ely 
Brook, Schoolhouse Brook, and the EBOR). 

•	 Measure survival and growth in two benthic invertebrate species exposed for 96 hours to 
sediment pore water samples (main stem of Ely Brook, Schoolhouse Brook, and the EBOR). 

•	 Measure survival and growth in two benthic invertebrate species exposed for 10 and 28 days to 
bulk sediment samples (main stem of Ely Brook, Schoolhouse Brook, and the EBOR). 
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•	 Evaluate the structure and function of the invertebrate community in the field (main stem of Ely 
Brook, Schoolhouse Brook, and the EBOR). 

8.2.1.1 The ponds on the east branch of Ely Brook 

Bulk sediment chemistry was the only measurement endpoint available to assess risk to these 
four aquatic habitats.  Severe ecological risk to the benthic invertebrate community was expected in pond 
5, based on high Cu concentrations.  Ponds 3 and 4 could experience minor ecological risk due to small 
exceedances of Mn (pond 3) and Cu (pond 4).  No risk was expected in pond 2.  The reliability of these 
findings is low because it is based on a single, semi-qualitative LOE.  

8.2.1.2 The main stem of Ely Brook 

All six measurement endpoints indicated the potential for ecological risk to the benthic 
invertebrate community in the main stem of Ely Brook.  This conclusion was supported by the three 
“chemical” LOEs (i.e., comparing sediment COPEC levels to benchmarks, comparing pore water COPEC 
levels to benchmarks, and assessing sediment divalent metal bioavailability based on AVS – SEM) and 
the three “biological” LOEs (i.e., pore water toxicity testing, bulk sediment toxicity testing, and benthic 
invertebrate community surveys).  

The preponderance of the evidence indicated severe ecological impairment to the benthic 
invertebrate community in this habitat in response to AMD.  The reliability of this conclusion is high 
because it is based on multiple LOEs, including quantitative biological field data. 

8.2.1.3 Schoolhouse Brook   

Five of the six measurement endpoints indicated the potential for ecological risk to the benthic 
invertebrate community in the reach of Schoolhouse Brook below the confluence with the main stem of 
Ely Brook. The three “chemical” LOEs (i.e., comparing sediment COPEC levels to benchmarks, 
comparing pore water COPEC levels to benchmarks, and assessing sediment divalent metal 
bioavailability based on AVS – SEM) and two of the three “biological” LOEs (i.e., bulk sediment toxicity 
testing and benthic invertebrate community surveys) resulted in conclusions of risk.  The one exception 
was pore water acute toxicity testing, which did not show toxicity in the two test species after 96 hours of 
exposure. 

The preponderance of the evidence indicated severe ecological impairment to the benthic 
invertebrate community in this habitat in response to AMD.  The reliability of this conclusion is high 
because it is based on multiple LOEs, including quantitative biological field data. 

8.2.1.4 The EBOR 

Five of the six measurement endpoints showed a lack of ecological risk to the benthic 
invertebrate community in the reach of the EBOR below the confluence with Schoolhouse Brook.  Two of 
the three “chemical” LOEs (i.e., comparing sediment COPEC levels to benchmarks and comparing pore 
water COPEC levels to benchmarks) and the three “biological” LOEs (i.e., pore water toxicity testing, bulk 
sediment toxicity testing, and benthic invertebrate community surveys) showed no risk.  The one 
exception was assessing sediment AVS – SEM which indicated the potential for divalent metal 
bioavailability. 

The preponderance of the evidence indicated no significant risk to the benthic invertebrate 
community in this habitat in response to AMD.  The reliability of this conclusion is high because it is based 
on multiple LOEs, including quantitative biological field data. 
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8.2.2 Water column invertebrate community 

The potential for ecological risk to the water column invertebrate community exposed to Site-
related contamination was assessed only in the four ponds on the east branch of Ely Brook because they 
represented the only lentic habitat on or off the Site. One measurement endpoint was used, namely 
comparing dissolved COPEC concentrations in surface water samples to benchmarks.  The results of a 
second measurement endpoint based on toxicity testing of surface water using the water flea were 
invalidated because the test did not meet minimum test acceptability criteria.  

The one available LOE for this receptor group showed a low potential for ecological risk in ponds 
2 and 3 (associated with small exceedances of dissolved Mn in both cases), but a high potential for 
ecological risk in pond 5 (associated mainly with elevated levels of dissolved Cu).  No risk was found to 
water column invertebrates exposed to surface water in pond 4. 

The preponderance of the evidence indicated the potential for low level of ecological risk in ponds 
2 and 3, and high level of ecological risk in pond 5.  The reliability of this conclusion is low because it is 
based on a single, semi-qualitative LOE.  

8.2.3 Fish 

The potential for ecological risk to fish populations exposed to Site-related contamination was 
assessed using up to four measurement endpoints (note: the ponds on the east branch of Ely Brook were 
excluded from this evaluation because they did not support fish): 

•	 Compare dissolved COPEC concentrations in surface water samples to surface water 
benchmarks (main stem Ely brook, Schoolhouse Brook, and the EBOR). 

•	 Measure survival and growth in larval fathead minnows exposed for 10 days to surface water 
samples (main stem of Ely Brook and Schoolhouse Brook). 

•	 Compare COPEC levels measured in whole fish to CBRs (Schoolhouse Brook and the EBOR). 
•	 Evaluate the structure and function of the fish community in the field (Schoolhouse Brook and the 

EBOR). 

8.2.3.1 The main stem of Ely Brook 

A potential for severe ecological risk to fish was identified in the main stem of Ely Brook.  This 
conclusion was supported by one “chemical” LOE (i.e., comparing surface water COPEC to benchmarks) 
and one “biological” LOE (i.e., surface water toxicity testing).  A second “biological” LOE (i.e., evaluating 
the structure and function of the fish community) could not be used because fish were absent from the 
main stem of Ely Brook, even though it should be able to support fish.  This observation gave indirect 
evidence of the severe impact of AMD on this habitat  

The preponderance of the evidence indicated severe ecological impairment to the fish community 
in the main stem of Ely Brook in response to AMD.  The reliability of this conclusion is high because it is 
based on multiple lines of evidence, including quantitative biological field data. 

8.2.3.2 Schoolhouse Brook   

All four measurement endpoints indicated the potential for ecological risk to the fish community in 
the reach of Schoolhouse Brook below the confluence with the main stem of Ely Brook.  The one 
“chemical” LOE (i.e., comparing surface water COPEC levels to benchmarks) and all three “biological” 
LOEs (i.e., surface water toxicity testing, fish tissue residue analysis, and fish community surveys) 
resulted in conclusions of risk.  Comparing the fish tissue residues to CBRs provided the weakest 
evidence in support of risk, presumably because fish with higher tissue residues levels (particularly Cu) 
died off and would not be available for sampling.  
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The preponderance of the evidence indicated severe ecological impairment to the fish community 
in this habitat in response to AMD.  The reliability of this conclusion is high because it is based on multiple 
LOEs, including quantitative biological field data. 

8.2.3.3 The EBOR 

Two of the three measurement endpoints showed a lack of ecological risk to the fish community 
in the reach of the EBOR below the confluence with Schoolhouse Brook.  The one “chemical” LOE (i.e., 
comparing surface water COPEC levels to benchmarks) showed a low potential for ecological risk 
associated with exposures to dissolved silver and zinc (but not Cu). Both “biological” LOEs (i.e., surface 
water toxicity testing and fish community surveys) showed a lack of risk. 

However, the fish surveys provided contradictory results.  The fish sample collected from the 
EBOR just downstream of the confluence with Schoolhouse Brook and at one downgradient location 
showed a healthy community.  However, fish samples collected at two more downstream locations 
showed degraded communities.  More sampling at one of those two locations the following year showed 
a healthy community.  This evidence was interpreted to mean that this apparent impairment was not 
systemic and may have been related to a unknown sampling bias. 

The preponderance of the evidence indicated no significant risk to the fish community in this 
habitat in response to AMD.  The reliability of this conclusion is moderate-low because the “chemical” 
LOE indicated a potential for ecological risk and the fish community surveys gave contradictory results. 

8.2.4 Amphibians 

The potential for ecological risk to amphibians exposed to Site-related contamination was 
assessed only for the four ponds on the east branch of Ely Brook using up to three measurement 
endpoints (depending on the pond), as follows: 

•	 Compare dissolved COPEC concentrations in surface water samples to published surface water 
benchmarks (ponds 2 to 5). 

•	 Measure survival and growth in fathead minnow larvae (surrogates for amphibian larval stages) 
exposed for 7 days to surface water samples (ponds 4 and 5 only). 

•	 Evaluate hatching and survival of wood frog eggs and tadpoles exposed in the field (ponds 4 and 
5 only). 

Only the first measurement endpoint was assessed in all four ponds.  This single “chemical” LOE 
showed a low potential for ecological risk in ponds 2 and 3 (associated with exceedances of  dissolved 
Mn in both cases), but a high potential for ecological risk in pond 5 (associated mainly with high levels of 
dissolved Cu).  No risk was found to larval amphibians exposed to surface water in pond 4.  

The two remaining measurement endpoints were evaluated only in ponds 4 and 5.  These two 
“biological” LOEs identified ecological risk.  The surface waters from these two ponds were toxic to fish 
larvae tested in the laboratory and to tadpoles (but not frog eggs) exposed in the field.  The results of the 
tadpole study were compromised due to unexpected and persistent mortality in the on- and off-Site 
reference locations.  Only the mortality data generated after the first week of tadpole exposure in the field 
were used semi-qualitatively in the evaluation.    

The preponderance of the evidence indicated the aquatic life stages of amphibians experienced 
low risk in ponds 2 and 3, but high risk in ponds 4 and 5.  The reliability of this conclusion is medium 
because it is based on multiple lines of evidence, including laboratory and field exposures.  However, the 
field exposures using tadpoles only provided partial results.   
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Vershire, VT June 2010 

8.2.5 Insectivorous birds 

The potential for ecological risk to insectivorous birds feeding over the two off-Site waterways 
was assessed using one endpoint, as follows (note: the four ponds on the east branch of Ely Brook and 
the main stem of Ely Brook were excluded from this evaluation because they represented too small a 
feeding habitat): 

•	 Estimate the COPEC residues in winged aquatic insects and use food chain modeling to 
calculate daily doses to tree swallows for comparison to TRVs (Schoolhouse Brook and the 
EBOR). 

8.2.5.1 Schoolhouse Brook 

The available measurement endpoint identified the potential for ecological risk to insectivorous 
birds feeding over Schoolhouse Brook.  Cu was the main risk driver in this habitat, although the risk 
exceedances were relatively small.  The reliability of this conclusion is low because it is based on 
unmeasured insect tissue residue values which were estimated based on generic biota-to-sediment 
accumulation factors. 

8.2.5.2 The EBOR 

The available measurement endpoint identified the potential for ecological risk to insectivorous 
birds feeding over the EBOR.  Cu was the main risk driver in this habitat, although the risk exceedances 
were small and unlikely to cause severe long-term impairment to this receptor group.  The reliability of this 
conclusion is low because it is based on unmeasured insect tissue residue values which were estimated 
based on generic biota-to-sediment accumulation factors. 

8.2.6 Insectivorous mammals 

The potential for ecological risk to insectivorous mammals feeding over the two off-Site 
waterways was assessed using one endpoint, as follows (note: the four ponds on the east branch of Ely 
Brook and the main stem of Ely Brook were excluded from this evaluation because they represented too 
small a feeding habitat): 

•	 Estimate the COPEC residues in winged aquatic insects and use food chain modeling to 
calculate daily doses to small-footed bats for comparison to TRVs (Schoolhouse Brook and the 
EBOR). 

8.2.6.1 Schoolhouse Brook 

The available measurement endpoint identified a strong potential for ecological risk to 
insectivorous mammals feeding over Schoolhouse Brook.  Cu was the main risk driver in this habitat.  The 
reliability of this conclusion is low because it is based on unmeasured insect tissue residue values which 
were estimated based on generic biota-to-sediment accumulation factors. 

8.2.6.2 The EBOR 

The available measurement endpoint identified the potential for ecological risk to insectivorous 
mammals feeding over the EBOR.  Cu was the main risk driver in this habitat, although the risk was 
relatively small. The reliability of this conclusion is low because it is based on unmeasured insect tissue 
residue values which were estimated based on generic biota-to-sediment accumulation factors. 
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8.2.7 Piscivorous birds and mammals 

The potential for ecological risk to piscivorous birds and mammals feeding in the two off-Site 
waterways was assessed using one endpoint, as follows (note: the four ponds on the east branch of Ely 
Brook and the main stem of Ely Brook were excluded from this evaluation because they represented too 
small a feeding habitat and lacked fish): 

•	 Measure the COPEC residues in fish and use food chain modeling to calculate daily doses to 
belted kingfishers and mink for comparison to avian and mammalian TRVs (Schoolhouse Brook 
and the EBOR). 

8.2.7.1 Schoolhouse Brook 

The available measurement endpoint did not identify the potential for ecological risk to 
piscivorous birds and mammals feeding over Schoolhouse Brook.  The reliability of this conclusion is 
moderate because it is based on measured fish residue values but using simplistic food chain modeling 
assumptions. 

8.2.7.2 The EBOR 

The available measurement endpoint did not identify the potential for ecological risk to 
piscivorous birds and mammals feeding over the EBOR.  The reliability of this conclusion is moderate 
because it is based on measured fish residue values but using simplistic food chain modeling 
assumptions. 
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eve of risk may be moderately overestimate because o comment. 

confidence, that adverse effects to the benthic 
the sediment benchmarks were generic and conservative, site 
invertebrate community were unlikely. bioavailiability was not considered, and exposure concentrations were 

obtained by strong acid digestion of sediment. 

I twas conclu e 0 may be mo era e y estimated, mainly Manganese h croniC 
confidence, that adverse effects to the water because the water samples were collected mostly in May and June exceedance was relatively small (HQ = 4.4) and not 
column invertebrate community were possible. and did not include "high flow" events. However, the surface water expected to cause severe impairment. 

benchmarks were generic and conservative. 
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ompare the eve s In The potential for eco risk may be slightly underestimated, mainly anganese I 

surface water samples to acute and chronic because the surface water benchmarks did not account for potential exceedance was relatively small (HQ =4.4) and not 
surface water benchmarks. low pH effects in pond 2 during the breeding season. However, the expected to cause severe impairment. 

surface water benchmarks were generic and conservative. 

4.B: Evaluate survival and growth in neonates medium Measurement endpoint 4.B was not evaluated 

of the fathead minnow (Pimephales promelas, 
 in pond 2. 

used as surrogates for the embryo-larval life 

stages of amphibians) exposed in the 

laboratory for seven days to surface water 

samples. 


4.C: Evaluate in-situ survival and development high Measurement endpoint 4.C was not evaluated 

of wood frog eggs and tadpoles collected from 
 in pond 2. 

an off-site reference locations and transferred 

to the on-site ponds. 


COPEC = contaminant of potential concern 
CTE = central tendency exposure 

HQ =hazard quotient 
IR = incremental risk 



Measurement Endpoint Comments 

may be rna erately overestimated because 
the sediment benchmarks were generic and conservative, site 
bioavailiability was not considered, and exposure concentrations were 
obtained by strong acid digestion of sediment. 

Manganese had the highest IR CTE effect HQ. The 
exceedance was small (HQ =2.5) and not expected to 
cause severe impairment. 

It was concl e potential or eco nsk may be mo erate y ate croniclevels in ow 
confidence, that adverse effects to the water because the water samples were collected mostly in May and June and exceedance was small (HQ = 3.6) and not expected to 
column invertebrate community were possible. did not include "high flow" events. However, the surface water cause severe impairment. 

benchmarks were generic and conservative. 

- - - - - - - -OVERALLRISK CONcLuSiON Min;;' ;;ofugfualri';k j;'e-;P;;I;;d1";;1;; ;;';ter ;;;I;;;;';;'in";;,;t;b,;,t;;c;;,;;;;u';itylnpo";;'d3. - - - - - - 
I~== 

COPEC = contaminant of potential concern 
CTE = central tendency exposure 
HQ = hazard quotient 
IR = incremental risk 

Manganese had the highest IR CTE chow t was concluded, r eco ns Iy underestimated, mainly 
because the surface water benchmarks did not account for potential exceedance was small (HQ = 3.6) and not expected toconfidence, that adverse effects to the embryo

larval stages of amphibians were possible. low pH effects in pond 3 during the breeding season. However, the cause severe impairment. 
surface water benchmarks were generic and conservative. 

4.B: Evaluate survival and growth in neonates medium Measurement endpoint 4.B was not evaluated 
of the fathead minnow (Pimepha/es prome/as , in pond 3. 
used as surrogates for the embryo-larval life 
stages of amphibians) exposed in the 
laboratory for seven days to surface water 
samples. 

4.C: Evaluate in-situ survival and development high Measurement endpoint 4.C was not evaluated 
of wood frog eggs and tadpoles collected from in pond 3. 
an off-site reference locations and transferred 
to the on-site ponds. 



Receptor Measurement Endpoint WOE Risk Conclusion Major uncertainties Comments 
Group 

enthic 1.A: Compare the COPEC levels in bulk low It was concluded, with a high level of The potential for eco risk may be moderately overestimated because e 
sediment samples to conservative no effect confidence, that adverse effects to the benthic the sediment benchmarks were generic and conservative, site exceedance was small (HQ = 2.2) and not expected to 
and effect sediment benchmarks. invertebrate community were possible. bioavailiability was not considered, and exposure concentrations were cause severe impairment. 

obtained by strong acid digestion of sediment. 

ater Column 2.A: Compare the dissolved COPEC levels in 
vertebrates surface water samples to acute and'chronic 

surface water benchmarks. 

. : ompare 
surface water samples to acute and chronic 
surface water benchmarks. 

4.B: Evaluate survival and growth in neonates 
of 'the fathead minnow (Pimephales prome/as , 
used as surrogates for the embryo-larval life 
stages of amphibians) exposed in the 
laboratory for seven days to surface water 
samples. 

4.C: Evaluate in-situ survival and development 
of wood frog eggs and tadpoles collected from 
an off-site reference locations and transferred 
to the on-site ponds. 

medium It was concluded that adverse effects to the 
embryo-larval stages of amphibians were 
present. 

high It was concluded that adverse effects to the 
embryo-larval stages of amphibians were 
present. 

aerate y un eresti IC s excee e .. n y copper 
because the water samples were collected mostly in May and June and and manganese had chronic IR RME HQ's above 1.0 
did not include "high flow" events in early spring and fall. However, the 
surface water benchmarks were generic and conservative. 

because the surface water benchmarks did not account for potential 
low pH effects in pond 4 during Hie breeding season. However, the 
surface water benchmarks were generic and conservative. 

(6.6 and 1.7, respectively). These relatively small 
exceedances of a ·worst case" exposure scenario are 
not expected to cause severe impairment. 

o s exce copper 
and manganese had chronic IR RME HQ's above 1.0 
(6.6 and 1.7, respectively). These small exceedances 
of a ·worst case' exposure scenario are not expected 
to cause severe impairment. 

The potential for eco risk may be moderately underestimated, mainly Only 20% of the fathead minnow neonates survived the 
because the water samples were collected over three days in late June seven-day exposure to pond 4 surface water. 
and did not represent the full exposure potential during the amphibian 
breeding season (May-June). Metal precipitation in the test water may 
also have decreased toxicity. 

The potential for eco risk may be moderately underestimated, mainly 
because the physical and chemical conditions inside the Nytex cages 
may have caused some of the dissolved metals to precipiate out or 
bind to organic matter. On the other hand, the exposure was realistic 
(in-situ in earty May) and used a local amphibian species. 

Hatching success was no different from that observed 
in the reference ponds. However, survival of wood frog 
tadpoles exposed for eight days to pond 4 surface 
water was poor. 

is receptor group was not eva uate or 
ecological risk in pond 4. 


This receptor group was not evaluated for 

ecological risk in pond 4. 


~~~~r===~=====T======~========r=====~====~1 

or 

COPEC =contaminant of potential ecological concern 
CTE =central tendency exposure 
HQ = hazard quotient 

IR = incremental risk 



This receptor group was not evaluated for 
ecological risk in pond 5. 

: ompare the eve s in 
surface water samples to acute and chronic 
surface water benchmarks. 

4.B: Evaluate survival and growth in neonates 
of the fathead minnow (Pimepha/es prome/as, 
used as surrogates for the embryo-larval life 
stages of amphibians) exposed in the 
laboratory for seven days to surface water 
samples. 

4.C: Evaluate in-situ survival and development 
of wood frog eggs and tadpoles collected from 
an off-site reference locations and transferred 
to the on-site ponds. 

as conclude 
confidence, that adverse effects to the embryo
larval stages of amphibians were possible. 

medium It was concluded that adverse effects to the 
embryo-larval stages of amphibians were 
present. 

high It was concluded that adverse effects to the 
embryo-larval stages of amphibians were 
present. 

Major uncertainties 

r eco risk may be mo er ate because 
screening benchmarks are generic and conservative; site 
bioavailiability was not considered, and the exposure concentrations 
were obtained by strong acid digestion of sediment. 

otential e moderate y , main y 

Comments 

opper ha t e ig est e 
exceedance equaled 23 and was expected to cause 
severe impainnent. 

because the water samples were collected mostly in May and June and exceedance equaled 45 and was expected to cause 
did not include "high flow" events. However, the benchmarks were severe impaimnent. 
generic and conservative. 

o risk may be slightly underestimated, mainly 
because the surface water benchmarks did not account for potential 
low pH effects in pond 5 during the breeding season. However, the 
surface water benchmarks were generic and conservative. 

Copper had the highest IR roniC 
exceedance equaled 45 and was expected to cause 
severe impaimnent. 

The potential for eco risk may be moderately underestimated, mainly None of the fathead minnow neonates survived the 
because the water samples were collected over three days in late June seven-day exposure to pond 5 surface water. 
and did not represent the full exposure potential during the amphibian 
breeding season (May-June). Metal precipitation in the test water may 
also have decreased toxicity. 

The potential for eco risk may be moderately underestimated, mainly 
because the physical and chemical conditions inside the Nytex cages 
could have caused some of the dissolved metals to precipiate out or 
bind to organic matter. On the other hand, the exposure was realistic 
(in-situ in early May) and used a local amphibian species. 

Hatching success was no different from that observed 
in the reference ponds. However, 100% of the tadpoles 
died within a few days of hatching, 

COPEC = contaminant of potential ecological concem 
CTE = central tendency exposure 

HQ =hazard quotient 
IR = incremental risk 



Measurement Endpoint 

enthic 1.A: Compare the C bulk 
vertebrates sediment samples to conservative no effect 

and effect sediment benchmarks. 

1.B: Compare the dissolved COPEC levels in 
sediment pore water samples to acute and 
chronic surface water benchmarks. 

1.C: Estimate the bioavailability of divalent 
metals in sediment based on AVS-SEM. 

1.0: Measure survival in H. azteca and C. 
tentans exposed for 96 hours in the laboratory 
to sediment pore water samples. 

1.E: Measure survival and growth in the 
benthic invertebrate species H. azteca and C. 
tentans exposed in the laboratory to bulk 
sediment samples. 

I WOE I 

low 

low 

low 

Risk Conclusion 

It was concluded, with a high level of 
confidence, that adverse effects to the benthic 
invertebrate community were possible. 

It was concluded, with a high level of 
confidence, that adverse effects to the benthic 
invertebrate community were possible. 

It was concluded that adverse effects were 
possible because SEM exceeded AVS in all 
nine sediment samples collected for analysis, 
indicating that the divalent metals could be 
bioavailable. 

medium It was concluded that adverse effects were 
present for sensitive species of the benthic 
invertebrate community. 

medium It was concluded that adverse effects were 
present for sensitive species of the benthic 
invertebrate community. 

Major uncertainties 

logical risk may be moderately overestimated 
because screening benchmarks are generic and conservative; site 
bioavailiability was not considered, and the exposure concentrations 
were obtained by strong acid digestion of sediment. 

omments 

'vuhad ,ne 
exceedance equaled 19 and was expected to cause 
severe impairment. 

The potential for ecological risk may be moderately to severely Mn and Cu had the highest IR CTE chronic HOs. The 
underestimated because the pore water samples were collected only exceedances equaled 6.4 and 4.7, respectively, and 
during base flow when COPEC levels were expected to be the lowest. were expected to cause some impairment. 
Acidity may also become an issue during high flow. 

The potential for ecological risk may be moderately overestimated. 
Sediment is not always toxic when SEM exceeds AVS because other 
(unquantified) binding phases, such as iron oxides, can decrease 
metal bioavailability. 

The potential for ecological risk may be moderately to severely 
underestimated because the pore water samples were collected only 
during base flow (August) when COPEC levels were expected to be 
the lowest. Acidity may also become an issue during high flow. 

All three pore water samples were acutely toxic to the 
amphipod, but none was toxic to the chironomid fly 
larvae (C. tentans). 

The potential for ecological risk may be moderately overestimated Two of the three samples were toxic to both species. A 
because (1) the sediment samples were collected from depositional third sample had the highest metal levels and lowest 
areas which do not represent the whole stream, and (2) conditions in pH, but was non-toxic. The hard water used for the 
the test beakers are more static than those present in native substrate. daily water renewals appeared to have increased pH 

and caused all dissolved metals to preCipitate out. 

1.F: Evaluate the structure and function of the high It was concluded that the benthic invertebrate The potential for ecological risk was expected to be as reported. The The health of the benthic community did not improve 
benthic invertebrate community. community was severely impaired in the main Istructure of the benthic invertebrate community represents a chronic between 1987 and 2006. 
______________ ':.": __ s~2§!y~':2.k;... ________ ~'2?~e.2f~el!li'22! ~n.2!.ti2!!s~t2.llr.!!!.e!.!..<>~~,;,;, _______ ______________ _ 

OVERALL RISK CONCLUSION Severe ecological risk to the benthic invertebrate community was present in the main stem ofEly Brook. 

IIWater Column This receptor group was not evaluated for 
IIlnvertebrates ecological risk in the main stem of Ely Brook. 

Fish 3.A: Compare the dissolved COPEC levels in 
surface water samples to acute and chronic 
surface water benchmarks 

3.B: Evaluate survival and grow1h in juvenile 
fathead minnows (Pimephales prome/as ) 
exposed in the laboratory for seven days to 
surface water samples. 

3.C: Compare COPEC levels measured in 
whole fish to no effect and effect Critical Body 
Residues (CBRs). 

3.0: Evaluate the structure and function of the 
fish community. 

low It was concluded, with a high level of 
confidence, that adverse effects to the fish 

. community were possible. 

medium It was concluded, with a high level of 
confidence, that adverse effects to the fish 
community were possible. 

medium Measurement endpOint 3.C was not evaluated 
because no fish live in the main stem of Ely 
Brook. 

The pate al risk was expected to be moaeratelY 
underestimated because the surface water benchmarks did not 
account for the effects of potential low pH episodes during certain 
times of the year. 

The potential for ecological risk was expected to be be moderately 
underestimated because (1) the samples were collected in late June 
of 2006 when chemical conditions were less severe than during high
flow events, (2) a single fish species was tested for a relatively short 
period of time, and (3) COPEC levels may have changed in the 
renewal samples due to metal precipitation. 

,\,;u ana ;1t: cnrom 
exceedances equaled 281and 68, respectively, and 
were expected to cause severe impairment. 

The one surface water sample collected from the main 
stem of Ely Brook for toxicity testing resulted in 100% 
mortality in fathead minnow neonates after seven days 
of exposure. 

No comment. 

because no fish live in the malO stem of Ely the presence of high toxicity in its surface waters. 
Brook. 

high Measurement endpoint 3.0 was not evaluated - The lack of fish 10 the main stem of Ely Brook ind~':11 

-------~~M~ffl~OO&US~S~~~~~~~~~~~~~~~~~;~~;~~~~&~~~-------~----------------



Measurement Endpoint Major uncertainties Comments 

ecological risk in the main stem of Ely Brook. 

This receptor group was not evaluated for 
ecological risk in the main stem of Ely Brook. 

This receptor group was not evaluated for 
ecological risk in the main stem of Ely Brook. 

eptor group was not evaluated for 
ecological risk in the main stem of Ely Brook. 

eptor group was not evaluated for 
al risk in the main stem of Ely Brook. 

COPEC = contaminant of potential ecological concern 
CTE = central tendency exposure 
IR = incremental risk 

HQ =hazard quotient 
RME = reasonable maximum exposure 
SEM = simultaneously extracted metals 



tor Risk Conclusion MajOr uncertainties Comments 
p 

Ie 1.A: Compare the COPEC levels In bulk low was cone uoea, wlm a gn level or The potential for ecological risk may be moderately overestimatea opper aa me 
Invertebrates sediment samples to conservative no effect confidence, that adverse effects to the benthic because screening benchmarks are generic and conservative: site exceedance equaled 1.9 and was not expected to 

and effect sediment benchmarks. invertebrate community were possible. bioavailiabllity was not considered, and the exposure concentrations cause severe impairment by itself. 
were obtained by strong acid digestion of sediment 

1.B: Compare the dissolved COPEC levels in low It was concluded, with a high level of The potential for ecological risk may be moderately to severely The potential for ecological risk was associated mainl) 
sediment pore water samples to acute and confidence, that adverse effects to the benthic underestimated because the pore water samples were collected only with thallium, which had the only IR CTE chronic HQ , 
chronic surface water benchmarks. invertebrate community were possible. during base flow when COPEC levels were expected to be the 1.0 (HQ = 6.7). 

lowest. 

1.C: Estimate the bioavailability of divalent low It was concluded that risk was possible The potential for ecological tisk may be moderately overestimated. -
metals in sediment based on AVS·SEM. because SEM exceeded AVS in all ten Sediment is not always toxic when SEM exceeds AVS because other 

sediment samples collected for analysis, (unquantified) binding phases, such as iron oxides, can decrease 
indicating that the divalent metals could be metal bioavailability. 
bioavailable. 

1.D: Measure survival In H. azteca and C. medium It was concluded that adverse effects were not The potential for ecological risk may be moderately to severely The evidence showed that conditions in the substrate 
tentans exposed for 96 hours in the laboratory present because the pore water samples underestimated because the pore water samples were collected only were suitable for sensitive benthic invertebrates unde 
to sediment pore water samples. collected from Schoolhouse brook were not during base flow (August) when COPEC levels were expected to be short·tenm exposures at the time of pore water 

acutely toxic to either H. 8zteca or C. lenlans. the lowest. sampling. 

1.E: Measure survival and growth in the medium It was concluded that adverse effects were The potential for ecological risk may be moderately overestimated -
benthic invertebrate species H. azteca and C. present because all four bulk sediment because (1) the sediment samples were collected from depositional 
tentans exposed in the laboratory to bulk samples were toxic to both H. azteca and C. areas which do not represent the whole stream, and (2) conditions in 
sediment samples. Jentans. the test beakers were more static than those present in native 

substrate. 

1.F: Evaluate the structure and function of the high It was concluded that the benthic invertebrate The potential for ecological risk was expected to be as reported. The The health of the benthic community did not improve 
benthic invertebrate community. community was severely impaired in structure of the benthic invertebrate community represents a chronic appreciably between 1987 and 2006. 

Schoolhouse Brook below the confluence with response of chemical conditions integrated over time. 
Ely Brook. 

--------~~Allm~C~CWSJ~ Se,;;,:eecoi'ogrcairlSktOthebe'nihlC"inw,rt'ebraiii'comm,miiy'Waspre'se;;Ins'ChooiiiOmeBrook:  - - - - - - - - - - - - - - - - - - -
- -

Invertebrates ecological risk in Schoolhouse Brook. 

IFish 13.A: Compare ow twas concluaea, w'm a 0I9n eve, or The potential for ecological risk was expected to be be moderately Copper had an IR CTE effect HQ equal to 7.8. This 
surface water samples to acute and chronic confidence, that adve~e effects to the fish underestimated because the surface water benchmarks did not exceedance was likely to cause impairment to the 
surface water benchmarks. community were possible. account for the effects of potential low pH episodes during certain local fish community. 

times of the year. 

3.B: Evaluate survival and growth in juvenile medium It was concluded that adverse effects were The potential for ecological risk was expected to be be moderately Fish survival was significantly lower at all four 
fathead minnows (Pimephales promelas) present for a sensitive fish lifestage, underestimated because (1) the samples were collected In late June sampling locations In Schoolhouse Brook. 
exposed in the laboratory for seven days to of 2006 when chemical conditions were less severe than during hlgh
surface water samples. flow events, (2) a single fish species was tested for a relatively short 

period of time, and (3) COPEC levels may have changed in the 
renewal samples due to metal precipitation. 

3.C: Compare COPEC levels measured in medium It was concluded, with a high level of The potential for ecological tisk was expected to be moderately :~:~ Cu was the only COPEC with an IR CTE effect HQ > 
whole fish to no effect and effect Critical Body confidence, that adverse effects to the fish overestimated because the fish tissue CBRs were quite conservati 1.0. The Cu exceedances were small (HQ = 2.5 for 
Residues (CBRs). community were possible. On the other hand. cumulative risk was not considered and fish wi brook trout and 1.3 for dace) and not expected to 

higher residue levels may have been absent from the stream beca cause impainment by themselves. However, fish with 
they died out. higher tissue residues could have been eliminated 

from the local population. 

3.0: Evaluate the structure and function of the high It was concluded that the fish community was The potential for ecological risk was expected to be as reported. The -
fish community. severely impaired In the entire section of structure of the fish community represents a chronic response of 

Schoolhouse Brook below the confluence with chemical conditions integrated over time. 
Ely Brook. 

- - - -  -  -OVERALLFI/~CONCLUSJ~ Se,;;;;;;;co/ogi";;.iris'ktOthe;;;"comm7:nlty";;a"'Sj,ros';;'iinSct;,OihouseBroOk. - - - - - - - - - - - - - - - - - - - - - - - - - -



the body residues of COPECs in winged 
aquatic insects; use food chain modeling to 
calculate dally doses from the ingestion of 
surface water (total metals) and winged 
aquatic insects, and compare these values to 
TRVs. 

the body residues of COPECs in winged 
aquatic insects; use food chain modeling to 
calculate daily doses from the ingestion of 
surface water (total metals) and winged 
aquatic insects, and compare these values to 
TRVs. 

low 

to calculate me 
daily doses from the Ingestion of surface wate 
(total metals) and fish, and compare these 
values to TRVs. 

It was concluded, with a high level of 
confidence, that adverse effects to 
insectivorous birds feeding over Schoolhouse 
Brook were possible. 

insectivorous mammals feeding over 
Schoolhouse Brook were possible. 

The potential for ecological risk may be overestimated by a large 
margin because: (1) the COPEC levels In insects were derived using 
generic BAFs instead of Site-collected tissue samples, (2) some 
exposure parameters (e.g., AUFs and COPEC bioavailability) were 
conservative values for lack of slte- or species-specific Information, 
and (3) the TRVs were conservative, non species-specific, literature
derived values . 

margin because: (1) the COPEC levels in insects were derived using 
generic BAFs instead of Site-collected tissue samples, (2) some 
exposure parameters (e.g., AUFs and COPEC bioavailability) were 
conservative values for lack of site- or species-specific information, 
and (3) the TRVs were conservative, non species-specific, literature
derived values. 

moderate level overestima e 
confidence, that adverse effects to piscivorous because: (1) some exposure parameters (e.g .. AUFs and COPEC 
birds were unlikely. bioavailabmty) were conservative values for lack of site- or species

specific Information, and (2) the TRVs were conservative, non 
species-specific, literature-derived values. 

omments 

Cu and Se were the only COPECs 
and CTE effect HO > 1.0. Both exceedances were 
relatively small (Cu CTE HO =6.4 and Se CTE HO = 
2.5) and would not be expected to cause severe 
Impairment by themselves. 

u was the only wt an 
effect HO > 1.0. The CTE effect exceedance was 
large (HO = 24) and could cause severe Impairment. 

1.. 

twas conclu e tia or ecological risk may e mo era e y ate 
confidence, that adverse effects to piscivorous because: (1) some exposure parameters (e.g., AUFs and COPEC 
mammals were unlikely. bioavailability) were conservative values for lack of site- or species

specific Information, and (2) the TRVs were conservative, non 
species-specific, literature-derived values. 

- - - - - - - o'iilRALL'RisKCONCLuSioN Ec';io'9ic";irl;kls ;;,~p;,Ciedtopi;~i~rou;-m";'m;;a;; fu'edk.gonn';;' ;;;;;;s7hooih'omes;;;;;k': - - 
AUF = area use factor 
AVS = acid-volatile sulfides 
COPEC :::: contaminant of potential ecological concern 
CTE = central tendency exposure 

lR = incremental risk 
HO = hazard quotient 
RME = reasonable maximum exposure 
SEM = simultaneously extracted metals 
TRV =toxicity reference value 



1.A: 
sediment samples to conservative no effect 
and effect sediment benchmarks. 

1.B: Compare the dissolved COPEC levels in 
sediment pore water samples to acute and 
chronic surface water benchmarks 

1.C: Estimate the bioavailability of divalent 
metals in sediment based on AVS-SEM. 

1.0: Measure survival in H. az/eca and C. 
lenlans exposed for 96 hours in the laboratory 
to sediment pore water samples 

1.E: Measure survival and growth in the 
benthic invertebrate species H. az/eca and C. 
lenlans exposed in the laboratory to bulk 
sediment samples 

1.F: Evaluate the structure and function of the 
benthic invertebrate community 

low It was concluded, with a high level of 
confidence, that adverse effects to the benthic 
invertebrate community were unlikely. 

al risk may be mo erate y overestimate 
because screening benchmarks are generic and conservative; site 
bioavailiability was not considered, and the exposure concentrations 
were obtained by strong acid digestion of sediment. 

s 

low It was concluded, with a high level of The potential for ecological risk may be moderately to severely No COPECs had IR RME and IR CTE chronic HQs > 
confidence, that adverse effects to the benthic underestimated because the pore water samples were collected only 1.0. 
invertebrate community were unlikely. during base flow when COPEC levels were expected to be the lowest. 

low It was concluded that risk was possible 
because SEM exceeded AVS in all five 
sediment samples collected for analysis, 
indicating that the divalent metals could be 
bioavailable. 

The potential for ecological risk may be moderately overestimated. 
Sediment is not always toxic when SEM exceeds AVS because other 
(unquantified) binding phases, such as iron oxides, can decrease 
metal bioavailability. 

medium It was concluded that adverse effects were not The potential for ecological risk may be moderately to severely 
present because the pore water sample underestimated because the pore water samples were collected only 
collected from the EBOR for testing was not during base flow (August) when COPEC levels were expected to be 
acutely toxic to either H. azleca or C. lenlans. the lowest. 

medium It was concluded that adverse effects were 
unlikely because the bulk sediment sample 
collected from the EBOR for testing was not 
toxic to either H. azleca or C. tenlans. 

The potential for ecological risk may be moderately overestimated 
because (1) the sediment sample was collected from a depositional 
area which may not represent the whole stream, and (2) conditions in 
the test beakers were more static than those present in native 
substrate. 

high It was concluded that the benthic invertebrate The potential for ecological risk was expected to be as reported. The 
community was not impaired in the EBOR. structure of the benthic invertebrate community represents a chronic 
Conditions stayed stable between 2005 and response of chemical conditions integrated over time. 
2006. 

Only one pore water sample was tested for toxicity. 
The evidence showed that conditions in the substrate 
were suitable for sensitive benthic invertebrates under 
short-term exposures at the time of pore water 
samplin.g. 

The conclusion of no adverse effect is based on 
testing a single bulk sediment sample collected in the 
EBOR about 0.5 miles below the confluence with 
Schoolhouse Brook. An effect might have been 
detected if samples had been collected closer to the 
confluence. 

- - - - - - - OVERALLRIsKCONCLUS'iDN E";;,i;;gi';;,irisk'is-;,;:;te"';"p;;Cted t~t;; b';nthic ';;"erleim,t;;'c7:'m-;;,;;;;;t;;;'th7:"EBOR.  - - - - - - - -

.A: ompare the dissolved 
surface water samples to acute and chronic 
surface water benchmarks 

3.B: Evaluate survival and growth in juvenile 
fathead minnows (Pimephales promelas) 
exposed in the laboratory for seven days to 
surface water samples. 

3.C: Compare COPEC levels measured in 
whole fish to no effect and effect Critical Body 
Residues (CBRs). 

3.0: Evaluate the structure and function of the 
fish community 

low It 
confidence, that adverse effects to the fish estimated because the surface water benchmarks are generic, 
community were possible. conservative values. 

medium This measurement endpoint was not evaluated 
in the EBOR 

medium It was conclu~ed, with a high level of 
confidence, that adverse effects to the fish 
community were unlikely. 

The potential for ecological risk was expected to be moderately 
overestimated because the fish tissue CBRs were quite conservative. 
On the other hand, cumulative risk was not considered and fish with 
higher residue levels may have been absent from the stream because 
they died out. 

high It was concluded that the fish community was The potential for ecological risk was expected to be as reported. The 
probably not impaired in the EBOR. structure of the fish community represents a chronic response of 

chemical conditions integrated over time. 

All of the IR RME and CTE effect HOs for brook trout 
and blacknose dace fell below 1.0 

This conclusion is weakened by the fact that the fish 
community response in the EBOR was not consistent 
over space (different sampling locations in the same 
year) or over time (same sampling location over 
different years), in part due to a possible sampling 
bias. . 



ent ana ytical data to estimate 
the body residues of COPECs in winged 
aquatic insects; use food chain modeling to 
calculate daily doses from the ingestion of 
surface water (total metals) and winged 
aquatic insects, and compare these values to 
TRVs 

medium- twas conc ude of 
low confidence, that adverse effects to 

insectivorous birds were possible. 

ical risk may e overestimated by a large 
margin because: (1) the COPEC levels in insects were derived using 
generic BAFs instead of Site-collected tissue samples, (2) some 
exposure parameters (e,g., AUFs and COPEC bioavailability) were 
conservative values for lack of site- or species-specific information, 
and (3) the TRVs were conservative, non species-specific, literature
derived values . 

us alytical data to estimate medium- It was concluded, with a high level 0 e p may be 
the body residues of COPECs in winged low confidence, that adverse effects to margin because: (1) the COPEC levels in insects were derived using 
aquatic insects; use food chain modeling to insectivorous mammals were possible, generic BAFs instead of Site-collected tissue samples, (2) some 
calculate daily doses from the ingestion of exposure parameters (e.g., AUFs and COPEC bioavailability) were 
surface water (total metals) and winged conservative values for lack of site- or species-specific information, 
aquatic insects, and compare these values to and (3) the TRVs were conservative, non species-specific, literature-
TRVs derived values. 

- - - - - - - OVERALLRISKCONCLuSroN The j;,i";;;'t'ial ru,iSi$To(;c"';;iog;c-;' rlskto'T,;sectlvo-;;';;; ;m.;;m-;,s-;;';;ing ;;;; i;'s';;t';f;;m'7h;E'iio'R.  - -

ivorous 
mals 

doses from the ingestion of surface water (total 
metals) and fish, and compare these values to 
TRVs 

od chain modeling to calcu a e 
doses from the ingestion of surface water (total 
metals) and fish, and compare these doses to 
TRVs 

m It was concluded, with a 
confidence, that adverse effects to piscivorous 
mammals were unlikely. 

ogical risk may be mo ated 
because: (1) some exposure parameters (e,g., AUFs and COPEC 
bioavailability) were conservative values for lack of site- or species
specific information, and (2) the TRVs were conservative, non species 
specific, literature-derived values. 

risk may e mo erate y overestimate 
because: (1) some exposure parameters (e.g., AUFs and COPEC 
bioavailability) were conservative values for lack of site- or species
specific information, and (2) the TRVs were conservative, non species 
specific, literature-derived values. 

- - - - - - - OVERA'L'LRTsK'cONCLUsiON '(;/";glc;'iriski;;';;;-e';p;;ct;;dt";'P'iScwo-;;'us ;;;;;;,;;;;sfued;ng;;;;w,""Ca;;"ghi'i;ih-;iBOR  - - - -

omments 

u 
1.0 (HQ = 1.6). This relatively small exceedancewoul 
not be expected to cause severe impairment by itself 
to insectivorous birds. 

u was the 
1.0 (HQ = 5,9). This exceedance has the potential to 
cause some impairment to insectivorous mammals. 

AUF = area use factor 
AVS = acid-volatile sulfides 
COPEC =contaminant of potential ecological concem 
CTE = central tendency exposure 
IR = incremental risk 
HQ = hazard quotient 
RME = reasonable maximum exposure 
SEM = simultaneously extracted metals 
TRV =toxicity reference value 
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